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PEEFACE  TO  THE  THIED  EDITION. 


This  little  volume  was  the  first  of  a new  series  of  works  on  Popular 
Science.  Previous  to  its  publication  there  were  many  essays  on  the 
various  branches  of  experimental  philosophy ; some  of  which  were 
characterised  by  great  simplicity  of  style  and  a sound  judgment  in 
the  selection  of  facts ; but  there  did  not  exist  any  comprehensive 
exhibition  of  physical  truth  suited  for  the  general  reader.  Nor 
were  the  scientific  works  then  published  calculated  to  assist  the  large 
and  important  class  of  readers  created  by  a valuable  cheap  litera- 
ture, for  they  were  either  so  profoundly  mathematical,  or  so  puerile 
in  style  and  illustration,  that  the  one  class  was  as  far  above  the 
learning  as  the  other  was  beneath  the  intellect  of  those  who  were 
anxious  to  become  generally  acquainted  with  natural  phenomena  and 
the  laws  upon  which  they  depend.  To  supply  a comprehensive  essay 
suited  for  the  instruction  of  such  readers  was  the  Author’s  object  in 
writing  this  volume,  and  as  it  did  in  some  degree  meet  the  wants  of 
the  public,  it  was  universally  received  with  much  indulgence,  and 
perhaps  more  commendation  than  it  deserved.  Many  wo:-ks  of  the 
same  character  have  been  since  published,  and  by  them  the  elements 
of  scientific  knowledge  have  been  widely  disseminated  among  the 
intelligent  classes  of  society  in  this  country. 
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PREFACE. 


A new  edition  of  “ The  Earth  : its  Physical  Condition  and  most 
remarkable  Phenomena  ” has  been  long  demanded  by  the  public  ; 
and  the  Author  has  availed  himself  of  the  opportunity  thus  afforded 
him  of  revising  the  work,  by  which,  it  is  hoped,  some  defects  have 
been  corrected.  It  was,  however,  with  much  satisfaction  that  the 
Author  ascertained,  upon  a reperusalj  that  the  alterations  required 
were  almost  entirely  limited  to  style  and  modes  of  expression.  Some 
few  additions,  however,  have  been  made  to  the  work ; and  the  informa- 
tion upon  the  subjects  on  which  it  treats  will  be  formd  equal  to 
the  present  state  of  scientific  knowledge. 

The  Author  is  indebted  to  this  work  for  many  of  his  most  valued 
acquaintances,  and  on  more  than  one  occasion  it  has  procured  for 
him  the  attentions  of  a friend  where  he  only  expected  the  civilities 
due  to  a stranger.  His  principal  object,  and  that  which  he  has  kept 
constantly  in  view,  has  been  the  instruction  of  the  reader  concerning 
the  phenomena  by  which  he  is  surrounded  as  an  inhabitant  of  the 
earth; but  at  the  same  time  he  has  availed  himself  of  every  oppor- 
tunity of  inculcating  the  higher  principles  of  morality  and  religion, 
and  of  drawing  the  intellect  and  affections  towards  that  adorable 
First  Cause  in  whom  “ we  live,  and  move,  and  have  our  being.” 

P.S. — The  passages  inserted  within  brackets  [ ],  are  editorial  ad- 
ditions or  amendments. 
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CHAPTER  I, 


THE  EARTH  IN  RELATION  TO  THE  UNIVERSE. 

General  science  can  never  be  perfectly  understood  where 
the  attention  has  been  confined  to  the  facts  taught  by  a single 
branch ; for  philosophy  may  be  compared  to  a golden  chain 
which  men  are  compelled  to  examine  link  by  link,  unable  at 
once  to  perceive  the  comiexion  which  exists  between  its  parts. 
So  if  we  attempt  to  explain  the  phenomena  we  witness  upon  the 
earth’s  surface,  without  previously  acquainting  ourselves  with 
the  conditions  of  the  body,  and  the  relation  it  bears  to  others 
by  which  it  is  surrounded,  we  shall  always  be  sensible  of  the 
incompleteness  of  our  knowledge,  and  may,  in  many  instances, 
be  led  into  error.  All  the  causes  acting  upon  the  surface  of 
the  earth,  may  be  in  themselves  suited  to  sustain  and  nourish 
the  creatures  by  which  it  is  inhabited  ; but  the  relation  it  bears 
to  other  bodies,  may,  for  ought  the  mass  of  mankind  know,  be 
calculated  to  derange  their  action,  or  to  destroy  the  planet  itself. 
Our  first  object,  therefore,  must  be  to  ascertain  the  celestial 
relations  of  the  earth  as  a member  of  the  universe. 


2 FORM  AND  DIMENSIONS  OP  THE  EARTH. 

THE  FORM  AND  DIMENSIONS  OP  THE  EARTH. 

From  a casual  examination  of  external  phenomena,  an 
observer  would  be  led  to  the  conclusion,  that  the  earth  is  an 
extended  plane.  This  opinion  was  long  entertained  by  the 
illiterate,  and  in  different  periods  of  the  history  of  science 
was  believed  and  taught  by  the  learned.  Fabricius,  in  his 
“Bibliotheca  Graeca,”  gives  an  account,  from  Photius  and 
others,  of  the  theory  proposed  by  Cosmas  Indopleustes,  which 
greatly  resembles  the  systems  once  taught  in  Hindostan  and 
Egypt.  This  theorist  maintained  that  the  earth  was  an 
immense  plane,  surrounded  by  an  impassable  ocean.  A conical 
mountain  was  supposed  to  be  situated  towards  the  north,  and 
the  sun  and  stars  to  peifonn  their  diurnal  revolutions  round  it, 
the  sun  itself  having  an  oblique  motion.  By  this  wild  conjec- 
ture he  explained  the  unequal  length  of  day  and  night,  and 
the  variation  of  the  seasons ; and  accounted  for  the  motion  of 
the  heavenly  bodies  by  the  assertion,  that  they  were  carried 
round  in  their  courses  by  celestial  spirits.  Had  the  hypothesis 
of  Cosmas  Indopleustes  maintained  its  influence,  it  would  have 
prevented  men  from  attempting  the  investigation  of  the  surface 
of  the  earth;  for  the  conviction  that  it  was  surrounded  by  an 
impassable  ocean  would  have  prevented  all  attempt  at  naviga- 
tion; and  fear  prevailing  over  curiosity,  the  hopes  of  every 
man  must  have  been  centred  in  the  society  of  which  he  hap- 
pened to  be  a member.  All  the  benefits  that  have  resulted 
from  the  distribution  of  the  human  race  over  the  surface  of 
the  earth  would  have  been  retarded,  commerce  would  every- 
where have  been  restricted,  and  civilisation  have  been  unknown, 
if  this  hypothesis  had  not  been  disproved.  It  will  therefore 
appear  that  the  reception  of  error  in  philosophical  mquiries, 
while  it  retards  the  advancement  of  knowledge,  must  entirely 
prevent  all  the  beneficial  practical  results,  which  are  the  con- 
sequents of  ascertained  philosophical  truth. 

A casual  or  imperfect  observation  of  phenomena  might  in  the 
present  day  lead  an  ignorant  observer  to  imagine  the  eai-th  an 
extended  plane  ; but  a careful  investigation  could  scarcely  fail 
to  convince  him  that  his  first  impressions  were  erroneous.  Wo 
can  conceive  an  individual  determined  to  judge  for  himself 
and  having  no  attachment  to  any  opinion  that  does  not  com 
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mend  itself  to  his  mind,  to  trace  the  phenomena  he  observed  to 
their  cause,  and  approach  to  a demonstration  of  the  true  form 
of  the  earth.  “ Wherever  I stand,”  he  miglit  say,  “ there  is  a 
vast  extent  of  space  above  me,  and  beneath  my  feet  an  im- 
passable mass  of  matter ; and  hence  I know  that  the  earth  is 
limited,  at  least  on  one  side.  But  the  sun  rises  in  the  east,  and 
sets  in  the  west,  and  tliis  it  does  day  after  day ; and  when  it 
disappears,  I observe  the  moon  and  the  stars  to  take  the  same 
revolution  from  one  extremity  of  the  hemisphere  to  the  other; 
and  I may  deduce  from  this  appearance,  that  the  earth  is  not 
indefinite  in  extent,  but  is  an  entirely  independent  body;  and 
having  limits  it  must  have  figure.  But  I have  often  observed 
that  when  I stand  upon  a flat  and  extensive  country,  or  in  a 
vessel  at  sea,  I appear  to  be  placed  in  the  centre  of  a distinct 
circular  line,  which  is  not,  however,  the  limit  of  my  vision  ; 
for  lofty  objects,  such  as  the  steeples  of  churches,  and  the  top- 
masts of  distant  vessels,  are  distinctly  seen  beyond  it ; and 
when  I ascend  an  eminence,  the  lower  parts  of  the  same  objects 
come  into  view'.  Such  a phenomenon  as  this,”  the  inquirer 
might  say,  “ can  only  be  accounted  for  by  supposing  that  those 
portions  of  the  earth  on  which  I have  made  these  observations 
are  curvilinear ; and  as  other  persons  have  witnessed  the  same 
appearances  in  distant  places,  there  is  some  evidence  that  the 
earth  has  a convex  surface.”  Thus  far  an  inquisitive  mind 
might  proceed  without  being  able  to  determine  whether  the 
earth  was  a globular  body,  or  an  irregular  mass  with  a convex 
surface.  But  let  him  be  informed  that  a navigator,  leaving  some 
shore  in  one  direction,  has,  by  keeping  the  head  of  his  vessel 
towards  the  same  point  of  the  compass,  returned  to  it  in  an 
opposite  direction,  and  he  will  no  longer  doubt  that  the  earth  is 
a spherical  body. 

To  determine  the  precise  form  of  the  earth  requires  observa- 
tions of  a more  accurate  character,  and  more  artificial  means  of 
inquiry  are  necessary.  If  the  earth  be  a spherical  body  we  may 
draw  a line  round  it  in  any  direction,  and  by  measuring  it  we 
might  not  only  determine  the  precise  form  of  the  earth,  but  also 
its  dimensions.  How  difficult  soever  this  may  appear,  it  has 
been  done,  and  we  have  thus  become  acquainted  with  the  form 
and  dimensions  of  the  earth.  Those  lines,  which  are  imagined 
to  be  drawn  round  the  globe,  passing  through  the  poles,  are 
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called  meridians  ; and  if  the  earth  were  round,  all  these  lines 
would  be  circles,  and  we  might  divide  them  into  any  number 
of  parts,  which  would  be  equal  to  one  another;  but  if  the 
meridians  be  not  exact  circles,  then  the  parts  would  differ  in 
measurement  the  one  from  the  other.  Let  us  then  divide  a 
meridian  into  three  hundied  and  sixty  parts,  that  is  into  de- 
grees, and  measure  one  of  those  at  different  places,  and  we  find 
that  the  length  of  a degree  is  greatest  near  the  pole,  and  least  at 
the  equator.  The  following  table  given  by  Professor  Airy,  in 
his  paper  on  the  Figure  of  the  Earth,  and  by  Sir  John  Herschel, 
in  his  Treatise  on  Astronomy,  will  show  the  length  of  a me- 
ridional degree  at  different  places,  as  calculated  from  the  results 
of  the  most  accurate  experiments. 


Country. 

Latitude  of 
the  middle 
of  the  arc. 

Arc  mea- 
sured. 

Length 
of  the 
di-gree 
con- 
cluded. 

Observer. 

Sweden 

Russia 

England 

France  

France  

Rome 

America,  U.  S.  . . . 
Cape  of  Good  Ilope  . 

India 

India 

Peru 

D.  M.  8. 

66  20  10 
58  17  37 
52  35  45 
46  52  2 

44  51  2 

42  59  0 
39  12  0 
33  18  30 

16  8 22 
12  32  21 
1 31  0 

D.  M.  8. 

1 37  19 
3 35  5 
3 57  13 
8 20  0 

12  2 1 3 

2 9 47 
I 28  45 
1 13  171 

15  57  40 
1 34  66 

3 7 3 

365782 

363368 

364971 

364872 

364535 

364262 

303786 

36471? 

363044 

363013 

362808 

Svanberg 
Sturve 
Roy,  Kater 
Lacaille,  Cassini 
( Deiambre 
(.  Mecliain 
Boscovitch 
Mason,  Dixon 
Lacaille 
j Lambton 
1 Everest 
Lambton 
Condamine 

From  these  and  other  observa- 
tions we  deduce  that  the  earth  is 
not  a perfectly  round  body,  but 
that  its  real  figure  is  that  of  an 
oblate  spheroid.  A sphereid  may 
be  either  oblate  or  prolate,  the  for- 
mer being  flattened,  and  the  latter 
drawn  out  at  the  poles.  The  former 
of  these,  as  the  facts  collected  in  the 
present  volume  will  show,  is  the 
form  of  our  earth. 

The  following  are  the  dimensions  of  the  earth,  as  calculated 
fi’om  the  best  series  of  meridional  arcs : — 


THE  REVOLUTION  OP  THE  EARTH  ON  ITS  AXIS.  6 

Miles. 

Greater  or  equatorial  diameter  . . 7925.648 

Lesser  or  polar  diameter  . . . 7899.170 

Difference  of  diameters  or  polar  compression  26.478 

THE  REVOLUTION  OF  THE  EARTH  ON  ITS  AXIS. 

Having  ascertained  the  form  of  the  earth,  there  will  be  little 
difficulty  in  determining  the  relation  it  bears  to  the  celestial 
bodies.  It  has  been  already  stated  that  an  observer,  by  carefully 
examining  the  position  of  the  stars,  for  a few  horn's,  would  dis- 
cover that  they  have  a regular  unaccelerated  motion.  All  the 
celestial  bodies  are  moving,  but  their  motion  is  uniform,  and 
each  one  is  in  relative  rest  to  the  others,  pursuing,  from  the 
moment  it  rises,  an  undeviating  path  towards  that  opposite 
point  where  it  is  to  set. 

This  apparent  motion  of  the  stars  may  either  arise  from 
some  proper  motion  in  the  heavenly  bodies,  or  from  a revolu- 
tion of  the  earth  on  its  own  axis  : either  of  these  suppositions 
will  account  for  the  pihenomenon  to  which  we  have  alluded. 
If  the  aj)pearance  he  supposed  to  result  from  the  motion  of 
the  stars,  ■w'e  must  conclude  that  they  are  fixed  in  an  enormous 
concave  sphere,  having  a perpetual  uniform  revolution;  for  it  is 
hardly  possible  to  imagine  that  each  individual  body  has  a 
motion  of  its  own,  so  adapted  to  the  motion  of  all  the  others  as 
not  to  change  its  relative  position.  The  immeasurable  distance 
of  the  stars,  however,  forbids  the  supposition  that  they  are  all 
fixed  in  a revolving  sphere,  for  such  mechanism  would  be  in 
itself  most  cumbersome,  and  unlike  the  simple  arrangements 
commonly  employed  by  the  Creator  for  the  accomplishment  of 
his  purposes. 

It  is  far  more  probable  that  the  earth  has  a revolution  on  its 
axis  ; and  this  supposition  will  enable  us  to  account  for  all  the 
appearances  that  are  presented  by  the  celestial  bodies.  If  the 
earth  has  a diurnal  revolution  on  its  axis,  an  observer,  situated 
on  its  surface,  will  participate  in  its  motion  ; but  as  his  horizon 
remains  fixed,  and  as  the  objects  around  him  have  the  same 
motion  as  himself,  he  will  imagine  that  he  is  at  rest.  But  as 
the  horizon  of  the  individual  revolves  from  west  to  east,  so  the 
heavenly  bodies  have  an  apparent  motion  from  east  to  west ; 
and  for  the  same  reason  a person  in  a sailing  vessel  may  imagine 
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the  shore  to  be  receding  from  him,  instead  of  attributing  its 
apparent  motion  to  the  real  motion  of  the  ship  in  an  opposite 
direction.  The  whole  hemisphere,  then,  upon  the  principles  of 
this  explanation,  makes  an  apparent  revolution ; and  in  that 
period  required  by  the  earth  to  perform  its  diurnal  revolution, 
the  stars  return  to  the  relative  places  they  before  occupied, 
and  as  the  velocity  of  the  earth’s  rotation  is  uniform,  this  will 
occur  in  equal  times. 

But  let  us  suppose  our  observer  to  pursue  his  investigations 
a little  more  closely.  He  has  already  discovered  that  the  stars 
appear  to  move  in  the  arc  of  a circle,  rising  in  the  east  and 
setting  in  the  west.  Towards  the  south  there  are  some  that 
just  rise  above  the  horizon,  take  a short  arc,  and  disappear; 
while  towards  the  north  there  are  others  that  never  set,  but 
revolve  in  very  small  circles  around  a point,  which  is  called  the 
north  pole ; but  this  point  is  not  marked  by  any  star,  although 
there  is  one  so  near  to  it  that  the  unassisted  eye  cannot  discover 
its  motion.  As  soon  as  the  observer  has  ascertained  these  facts, 
he  becomes  conscious  that  there  is  one  section  of  tlie  celestial 
sphere  that  is  hidden  from  his  view,  for  as  there  is  a segment 
containing  stars  which  never  set,  so  there  must  be  one  in  which 
stars  revolve  without  rising,  and  these  are  called  the  south 
polar  stars.  To  obtain  a view  of  these  he  must  travel  south- 
ward. As  he  proceeds  on  his  journey,  the  north  polar  stars 
will  approach  the  horizon,  and  the  stars  of  the  southern  hemi- 
sphere will  be  proportionally  raised.  When  he  has  reached 
that  line  on  the  surface  of  the  earth  called  the  equator,  that  is 
an  imaginary  line  dividing  it  into  hemispheres,  the  poles  will  be 
in  his  horizon,  and  every  star  will  appear  to  perform  half  its 
revolution  above  and  half  below  his  horizon,  and  no  part  of  the 
heavens  will  be  hidden  from  his  view.  And  here  we  may 
suppose  the  inquiring  traveller  to  be  struck  with  the  fact,  that 
although  the  paths  of  the  stars  ai-e  so  different  in  extent,  those 
which  rise  exactly  in  the  east,  having  much  the  longest  arcs, 
and  those  at  the  poles  the  shortest,  yet  every  star  is  above  the 
horizon  for  the  same  period  of  time.  Again,  if  the  observer  still 
travel  southward,  the  south  pole  of  the  heavens  will  be  raised 
above  his  horizon,  and  the  north  pole  will  be  depressed  below 
it ; and  when  he  is  as  near  to  the  south  pole  of  the  earth  as  he 
was  to  the  north  pole  at  the  commencement  of  his  journey, 
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the  phenomena  will  be  entirely  reversed  ; the  south  polar  stars 
will  never  set,  the  north  polar  will  never  rise ; and  if  he  could 
still  travel  southward  and  reach  the  pole  itself,  the  stars  would 
appear  to  revolve  in  circles  parallel  to  the  plane  of  his  horizon, 
and  to  one  another. 

These  results  cannot  fail  to  confirm  the  conviction  that  the 
motion  of  the  stars  is  only  apparent,  and  that  it  is  produced  by 
the  revolution  of  the  earth  on  its  axis. 

THEORY  OF  THE  EARTH  FOUNDED  ON  ITS  DIURNAL 
REVOLUTION. 

Now  it  is  a singular  fact,  that  these  results  perfectly  accord 
with  the  combined  theoretical  deductions  of  astronomers  and 
geologists.  The  covering  or  crust  of  the  earth  is  known  to 
consist  of  a series  of  strata  of  different  substances  and  of  various 
thicknesses.  Beds  of  clay  and  marl,  limestone  and  sandstone, 
gi-avel  and  sand,  are  promiscuously  mingled  together,  many  of 
them  containing  the  remains  of  marine  and  fresh  water  animals, 
and  all  of  them  bearing  evidence  of  their  formation  as  resulting 
from  the  deposition  of  water.  Some  of  these  beds  have  been 
formed  at  the  bottom  of  rivers  and  lakes,  and  some  in  seas 
and  oceans,  while  others  have  been  produced  by  casual  catas- 
trophes, which  have  caused  the  waters  to  leave  their  channels, 
and  swept  over  localities,  or  the  entire  surface  of  the  earth, 
destroying  rocks,  and  grinding  the  fragments  they  have  broken 
from  the  parent  bed.  The  same  process  of  destruction  and 
reproduction  is  traced  by  geologists  as  going  on  in  the  present 
day,  though  not  perhaps  to  so  great  an  extent  as  at  the  time 
when  the  crust  of  the  earth  was  formed.  If  the  beds  of  rivers, 
or  of  lands  that  are  frequently  flooded,  be  examined,  strata 
of  sand,  mud,  or  gravel,  will  be  found  to  be  produced  by  sedi- 
ment from  the  water  that  has  flowed  over  them  ; and  many 
contain  the  remains  of  the  animals  that  once  lived  in  the 
water,  or  were  destroyed  by  its  means.  'Wherever  strata, 
having  the  same  characters,  and  containing  organic  remains, 
are  found,  it  is  fair  to  deduce,  how  deep  soever  they  may  be 
below  the  surface,  that  they  are  attributable  to  causes  similar 
to  those  which  ai'e  now  active  in  the  production  of  rocks.  But 
such  strata  have  been  seen  in  all  parts  of  our  globe  which 
have  been  visited  by  man,  and  hence  it  would  appear  that  the 
dry  land  has  actually  been  produced  by  water  ; and  that  the 
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particles  which,  united  together,  now  form  the  superficial  cover- 
ing of  the  earth,  must  at  a former  period  have  floated  in  loose 
unconnected  particles  in  pre-existing  rivers  and  oceans. 

Taking  these  statements  as  the  legitimate  deductions  of  geo- 
logical inquiry,  they  may  be  so  applied  as  to  account  for  the 
present  form  of  the  earth.  If  the  earth  had  been  formed  a 
perfectly  spherical  body  without  a motion  on  its  axis,  all  the 
water,  however  distributed  on  its  surface,  would  have  left  the 
places  it  occupied,  and  have  rushed  towards  the  poles,  leaving 
a ridge  of  barren  mountains  round  the  equator.  But  if  it  had 
been  possessed  of  the  same  form,  and  had  received  an  impetus 
giving  it  a revolution  on  its  axis,  the  centrifugal  force  being 
greatest  at  the  equator,  the  water  would  have  accumulated 
there,  and  a mountainous  ridge  of  rocks  would  have  been  exposed 
at  the  poles. 

It  may  not  be  perfectly  understood  by  the  reader  what  is 
meant  by  the  centrifugal  force.  When  a body  is  made  to 
revolve  on  its  axis,  there  wiU  always  be  an  attempt  in  the 
particles  composing  that  body  to  fly  off  from  the  centre  of 
motion.  If  a bucket  of  water  be  suspended  by  a string,  and  a 
rapid  rotatory  motion  be  communicated  to  it,  the  water  will 
accumulate,  and  form  a sort  of  wave  round  the  side  of  the 
vessel ; and  if  we  could  give  the  same  motion  to  a substance 
which  consisted  of  very  loosely  connected  particles,  they  would 
fly  one  from  the  other,  and  leave  the  string  by  which  they  were 
suspended.  Now  these  are  the  results  of  the  centrifugal  or 
centre-flying  force. 

But  it  is  well  known  that  the  force  with  which  a particle  is 
urged  to  fly  away  from  the  centre  of  motion  increases  with  its 
distance  from  that  centre,  and  consequently,  in  every  globular 
body,  that  line  of  superficial  particles  which  is  farthest  from 
the  axis  of  revolution,  will  have  the  greatest  centrifugal 
force.  From  this  statement  it  follows,  that  the  equator  of 
the  earth  must  possess  a greater  centrifugal  force  than  any 
other  part  of  its  supeiflcies.  A very  pretty  instrument  is 
used  by  lecturers  to  illustrate  this  fact.  Two  elastic  iron 
hoops  are  united  together,  and  placed  upon  an  axis,  hav- 
ing a capability  of  compression,  so  that  a pressure  upon  the 
top  would  cause  a swelling  out  of  the  centre  or  equator. 
These  hoops  are  put  into  motion  by  a multiplying  wheel,  or 
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a band  and  wheel,  which,  in  consequence  of  the  centrifugal 

force,  causes  an  ex- 
pansion of  the  equa- 
tor, with  an  attend- 
ant depression  of  tlie 
poles.  The  same 
principle  is  evolved 
in  the  governor  of 
tlie  steam-engine  ; 
where,  by  a simple 
application  of  ma- 
chinery, the  steam 
is  shut  off  or  admit- 
tedasthe  centrifugal 
force  is  increased  or 
diminished. 

Now  let  it  be  sup- 
posed that  the  earth 
when  created  was  a 
perfectly  splierical 
body,  and  that  it 
had  a revolution  on  its  axis,  then  an  immense  body  of  water  must 
have  been  accuinulatedround  the  equatorial  regions.  But  water 
is  everywhere  charged  with  fragments  of  rocks,  which  it  forms  or 
collects  in  its  passage  from  one  place  to  another ; and  as  it  has 
always  had  the  same  force  under  the  same  circumstances,  it  must 
have  done  this  from  the  beginning.  But  rocks  are  formed  by  the 
sediments  deposited  by  water,  and  the  detritus  it  accumulates; 
therefore  rocks  must  have  been  formed  in  greater  amount  round 
the  equator  than  upon  any  other  part  of  the  earth’s  surface, 
and  hence  the  greater  equatorial  diameter. 

We  do  not  assert  that,  the  earth  must  necessarily  have  de- 
rived its  present  form  in  this  way,  but  that  these  theoretical 
considerations  will  account  for  the  form  w’hicli  w^e  know  it  to 
possess  ; and  we  are  thus  led  to  observe  the  influence  that  one 
branch  of  science  exerts  upon  another.  The  sciences  are  arbi- 
trary classifications  of  the  laws  under  which  various  causes  act 
upon  different  kinds  of  matter,  or  matter  under  different  forms, 
and  the  phenomena  produced.  To  suppose  that  the  various 
physical  sciences  are  distinct  one  from  the  other,  would  be  to 
invade  the  unity  of  design  and  harmony  of  effect,  constantly 
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witnessed,  and  necessarily  existing,  in  material  creation.  The 
limitation  of  our  capacities  may  render  this  division  or  classifi- 
cation necessary;  but  we  must:  he  careful  to  remember  that  it 
is  still  artificial,  and  that  the  sciences  are  not  independent 
branches  of  knowledge.  This  view  of  the  physical  sciences  will 
prove  the  propriety  of  the  effort  we  are  now  making  to  avail 
ourselves  of  their  united  assistance  in  explaining  the  conditions 
of  the  earth ; and  sufficient  has  already  been  said  to  convince 
the  reader  that  an  extensive  series  of  phenomena,  such  as  we 
witness  daily,  can  only  be  understood  by  an  acquaintance  with 
many  branches  of  knowledge. 

The  first  doubt  as  to  the  perfect  spheric  form  of  the  earth, 
is  said  to  have  arisen  from  observations  on  the  pendulum.  M. 
Ritcher,  while  observing  the  transits  of  the  fixed  stars  i*'  the 
Island  of  Cayenne,  noticed  that  the  pendulum  of  his  crock 
moved  at  a rate  of  2'  28"  a day  less  than  it  ought,  as  regulated 
by  the  motion  of  the  sun,  and  he  found  it  necessary  to  shorten  the 
length  of  his  pendulum  nearly  one-fourth  of  an  inch,  in  order 
that  it  should  make  vibrations  equal  to  those  it  made  at  Paris. 
This  singular  phenomenon  excited  the  attention  of  the  astro- 
nomer, and  when  inquiring  into  the  cause,  he  was  induced  to 
suspect  that  the  earth  was  not  perfectly  round. 

It  may  not,  however,  be  quite  clear  to  the  reader,  what 
connexion  there  is  between  the  vibration  of  a pendulum,  and 
the  form  of  the  earth,  and  we  may  be  permitted  to  illustrate 
the  statement  by  a few  remarks.  I'he  instrument  we  call  a 
pendulum,  consists  of  a heavy  body  suspended  by  a slight  cord 
or  thread,  and  is  frequently  used  in  combinations  that  are 
intended  for  the  measurement  of  time.  It  must  not,  however, 
be  supposed  that  the  pendulum  is  in  any  case  the  moving 
power ; it  acts  as  a regulator  in  clocks,  and  the  motion  origi- 
nates in  the  fall  of  a weight,  or  in  the  r,ecoil  of  a spring  attached 
to  the  machine.  Weights  are  usually  employed  in  clocks; 
springs  in  watches  : and  the  latter  are  generally  regulated  by  a 
balance-wheel,  and  not  by  a pendulum.  The  contrivance  by 
which  the  pendulum  of  a clock  is  connected  with  the  train  of 
wheels,  and  regulates  their  motion,  is  called  the  escapement, 
and  of  this  there  are  several  varieties,  as  the  lever ; and  the  dead 
beat:  the  latter  being  so  named  on  account  of  the  peculiar  sound 
it  produces. 

The  theory  and  laws  of  the  pendulum  will  be  easily  under- 
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stood.  When  the  ball  of  a pendulum  that  has  been  freely 
suspended  from  a point,  is  raised  from  the  perpendicular,  and  is 
allowed  to  fall  by  its  own  weight,  it  begins  a series  of  vibrations, 
which  would  be  infinite,  if  the  motion  were  not  retarded  by  the 
friction  upon  the  point  of  suspension,  and  the  resistance  of  the 
air.  It  falls  to  the  perpendicular  position  from  which  it  was 
drawn,  by  virtue  of  the  same  power  that  causes  a body  to  fall  to 
the  earth — the  force  of  gravitation.  But  when  it  comes  to  this 
position,  it  has  acquired  a certain  velocity,  sufficient  to  urge  it 
upwards  on  the  opposite  side,  and  to  cause  it  to  describe  as  large 
an  arc  as  in  falling.  The  pendulum,  therefore,  is  in  theory 
capable  of  a perpetual  motion. 

Galileo  discovered  that  the  oscillations  of  a pendulum  are 
isochronous,  or  performed  in  equal  times,  whether  the  arc  be 
large  or  small,  within  a certain  limit.  He  was  led  to  this  dis- 
covery by  observing,  in  the  church  of  Pisa,  the  vibrations  of 
the  large  chandelier  which  had  been  left  swinging  when  the 
candles  were  lighted  for  the  evening  service.  But  the  law  which 
is  the  most  important  for  us  to  notice,  is,  that  the  times  required 
to  perform  an  oscillation  are  as  the  square  root  of  the  length  of 
the  pendulum.  If,  for  instance,  there  be  three  pendulums, 
whose  lengths  are  as  one,  four,  and  nine  respectively,  the 
oscillations  of  the  second  will  require  twice  the  time  of  the  first, 
and  the  third  three  times,  because  one,  two,  and  three,  are  the 
square  roots  of  one,  four  and  nine.  The  oscillations  of  the 
pendulum  vary  with  its  length,  which  is  so  arranged  as  to  beat 
seconds,  or,  in  other  words,  vibrate  sixty  times  in  a minute. 
For  the  latitude  of  London  it  must  be  thirty-nine  one-fifth 
inches  long ; but  a pendulum  that  will  beat  seconds  in  one  lati- 
tude, will  not  do  so  in  another. 

The  attraction  of  gravitation  is  a force  with  which  all  matter 
is  endowed,  and  belongs  to  particles  as  well  as  to  masses  : all 
bodies  universally  attracting  each  other,  directly  as  their  masses, 
and  inversely  as  the  squares  of  the  distance.  But  when  a body 
is  made  to  revolve  on  its  axis,  a new  force  is  called  into  action, 
which  in  some  measure  resists  the  attraction  of  gravitation.  In 
the  case  of  our  earth,  for  instance,  gravitation  would  cause  it 
to  fall  tow'ards  or  into  the  body  of  the  sun,  but  the  centrifugal 
force  solicits  it  to  fly  away  from  the  sun  ; and  these  two  forces 
being  adjusted,  the  earth  retains  its  place.  If  the  force  of 
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gravity  were  to  cease,  the  earth  would  fly  off"  in  a tangent  towards 
that  part  of  its  orbit  to  which  it  happened  to  he  directed  at  the 
moment ; and  if  the  earth  were  to  cease  its  revolutions  it  would 
fall  towards  the  centre  of  gravitation.  Connect  with  this 
statement  the  fact,  that  the  centrifugal  force  is  in  proportion  to 
the  distance  of  the  body  from  its  centre  of  attraction,  and  there 
will  be  no  difficulty  in  understanding  the  application  of  the 
pendulum  to  the  measurement  of  the  earth. 

If  the  attraction  of  the  earth  were  not  sufficient  to  neutralise 
the  effect  of  its  centrifugal  force,  the  detached  bodies  on  its 
sm-face  would  be  thi-own  off ; but  even  under  present  circum- 
stances it  diminishes  their  weight  at  the  equator.  If  the  earth 
did  not  revolve  on  its  axis,  a substance  would  have  the  same 
weight  at  all  places  equally  distant  from  the  centre.  But  as 
the  centrifugal  force,  which  attempts  to  throw  all  bodies  from 
the  axis  of  rotation,  increases  with  the  distance,  so  the  force  of 
gravity  must  decrease  from  the  poles  to  the  equator. 

From  this  explanation  it  follows,  that  the  fall  of  bodies  is 
accelerated  from  th*e  equator  to  the  poles,  and  as  the  pendulum 
is  a falling  body,  its  oscillations  must  be  accelerated  in  the  same 
proportion,  and  hence  it  is,  that  the  length  of  a pendulum  must 
be  altered  to  make  it  perform  the  same  number  of  vibrations  in 
all  latitudes.  Now  it  is  well  known,  that  in  the  instance  of  a 
spheroid  of  rotation,  the  centrifugal  force  varies  from  the  equator 
to  the  poles,  as  the  square  of  the  sine  of  latitude. 

From  these  principles  we  may  deduce  the  real  form  and 
dimensions  of  the  earth ; and  although  the  method  may  appear 
to  the  general  reader  to  be  somewhat  involved,  yet  it  is  capable 
of  as  great  accuracy  as  any  plan  of  measurement  that  has 
hitherto  been  adopted  ; while  the  result  of  the  experiments 
that  have  been  made  to  determine  the  form  of  the  earth  by 
actual  measurement,  and  by  the  oscUlations  of  the  pendulum, 
prove  it  to  be  an  oblate  spheroid. 

THE  RELATIVE  REST  OF  THE  FIXED  STARS. 

The  reader  may  still  have  some  difficulties  connected  with 
this  subject,  and  be  unable  to  account  for  the  unvarying  posi- 
tion of  the  stars  in  relation  to  one  another.  When  he  is 
looking  upon  objects  that  are  near  him,  they  present  different 
relative  positions  according  to  the  situation  of  the  point  from 
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which  he  views  them.  If  he  alter  his  position  only  a few  feet, 
the  relative  places  of  the  nearer  objects  will  be  greatly  changed, 
but  in  those  which  are  more  distant  the  change  will  be  less 
distinct.  Acquaintance  witli  this  fact  may  have  already 
induced  him  to  imagine  that  the  stars  do  not  change  their 
relative  places,  from  whatever  point  he  may  view  them, 
because  they  are  so  far  distant  that  there  can  be  no  comparison 
between  the  distance  of  the  stars,  and  the  distance  from  each 
other  of  the  two  places  from  which  he  views  them.  We  are, 
in  fact,  accustomed  to  refer  all  objects  to  an  imaginary  sphere 
of  indefinite  radius,  the  eye  being  its  centre;  and  in  proportion 
to  their  nearness,  their  relations  will  change  with  an  alteration 
of  the  place  from  which  they  are  viewed. 


Let  A and  B be  two  positions  from  which  we  view  the  two 
objects  c and  d.  At  B we  should  refer  both  the  objects  to  the 
point  0,  but  as  vre  advance  towards  A,  the  objects  apparently 
change  their  ])lace  ; and  at  A we  should  refer  the  object  c to 
the  point  q,  and  the  object  d to  the  point  p,  the  nearer  object 
subtending  a greater  angle,  A c B,  than  the  more  distant,  A B. 

This  angular  motion  of  an  object  on  our  sphere  of  vision, 
arising  from  our  change  of  place,  is  called  the  parallax.  But  as 
the  amount  of  parallactic  mction  decreases,  as  the  distance  of 
the  object  increases,  it  will  cease  altogether  when  the  object  is 
very  far  removed,  and  this  is  the  case  with  the  fixed  stars. 
Were  it  not  so,  the  stars  would  present  different  relative  posi- 
tions ; on  the  horizon  they  would  be  crowded  together,  inter- 
fering the  one  with  the  other,  and  as  they  approached  the 
aenith,  they  would  expand  and  come  into  view. 

From  these  remarks  it  follows,  that  the  dimensions  of  the 
orbit  of  the  earth  are  absolutely  imperceptible  when  compared 
with  the  distance  of  the  stars,  but  astronomy  offers  us  no 
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method  by  which  to  detei-mine  the  distance  of  the  nearest  fixed 
star.  To  such  a nicety  have  the  means  in  our  power  been 
applied,  that  had  any  of  tlie  stars  yet  examined,  possessed  an 
angle  amounting  to  one  second,  that  is,  if  the  earth’s  orbit  sub- 
tended an  angle  amounting  to  one  second,  it  must  have  been 
detected.  But  although  we  cannot  determine  the  distance  of 
the  nearest  fixed  star,  we  do  know  that  it  cannot  be  so  little  as 
19,200,000,000,000  miles. 

It  may  be  worthy  of  notice,  that  astronomers  in  every  age, 
for  the  convenience  of  reference  and  description,  have  thought 
it  desirable  to  divide  the  fixed  stars  into  groups  or  constella- 
tions, to  which  different  names  have  been  given.  These  divi- 
sions, tho,\gh  arbitrary,  have  been  generally  acknowledged  and 
used  by  modern  astronomers,  and  some  new  ones  have  been 
introduced.  It  has  not,  howevei’,  always  happened  that  the 
figures  proposed  by  the  ancients  have  been  accurately  re- 
tained, and  in  some  instances  they  have  been  actually  re- 
versed. The  position  of  the  stars  frequently  bear  little  or  no 
resemblance  to  the  drawings  which  ax-e  supposed  to  represent 
them,  but  they  are  of  much  advantage  to  the  student,  and 
serve  him  as  an  artificial  memory.  Who,  for  instance,  can 
have  attentively  examined  the  representations  usually  given  of 
the  constellations  Orion  and  Ursa  Majoi’,  and  then  have  sought 
for  them  in  the  heavens  without  finding  them  ? Some  attempts 
have  been  made  to  change  the  names  of  the  constellations,  and 
to  introduce  a new  division  of  the  celestial  sphere.  The 
Venerable  Bede  pi’oposed  to  name  the  twelve  signs  of  the  zodiac 
after  the  tw'elve  apostles,  and  Judas  Ichillerius  gave  scripture 
names  to  the  other  constellations.  It  is,  however,  quite  evident, 
that  any  innovation  upon  the  established  order  would  inti-oduce 
many  practical  inconveniences,  and  increase  the  difficulties  and 
errors  of  a comparison  of  ancient  and  modern  observation. 

THE  PLANETS. 

We  have  hitherto  considered  all  the  stai’s  to  be  fixed  at 
relative  distances  from  each  other,  without  any  individual 
motion ; but  an  observer  who  has  paid  sufficient  attention  to 
determine  the  facts  ali-eady  mentioned,  cannot  have  failed  to 
discover,  that  some  of  the  celestial  bodies,  and  these  the  most 
conspicuous,  ai’e  constantly  changing  their  positions,  and 
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wander  abroad,  among  the  multitude  of  less  restless  worlds. 
The  moon  has  ever  heen  among  poets  the  emblem  of  fickleness, 
not  only  for  the  ceaseless  variation  in  the  size  and  form  of  her 
illuminated  disc,  but  for  her  varying  motions  over  the  broad  face 
of  the  heavens.  These  erratic  bodies  are  called  planets,  and  per- 
form, in  various  times,  their  independent  circuit  of  the  heavens. 
The  fixed  stars  also  have  a change  of  place,  but  it  is  so  unim- 
portant, that  no  material  alteration  has  been  produced  during 
the  whole  of  that  period  in  which  the  heavenly  bodies  have 
been  astronomically  considered. 

We  are  accustomed  to  judge  of  distances  and  magnitudes  by 
the  organ  of  sight,  but  it  entirely  fails  us  when  used  in  relation 
to  the  heavenly  bodies.  An  ingenious  and  shrewd  observer  may, 
however,  deduce  from  appearances,  without  instruments,  many 
important  facts  concerning  their  motion  and  relations,  and  he 
may  also  gather  some  information  respecting  their  magnitudes 
and  distance,  though  it  will  be  by  no  means  satisfactory,  nor 
approximate  to  a systematic  knowledge.  He  may,  for  instance, 
discover  that  the  clouds  are  nearer  to  the  earth  than  the  celestial 
bodies,  for  they  often  spread  themselves  like  a veil  over  the 
entire  surface  of  the  heavens ; and  upon  the  principles  already 
explained  he  may  prove  that  they  are  but  a few  miles  high,  as 
they  are  only  seen  under  particular  forms  over  a very  limited 
district.  But  the  moon  is  at  a very  great  distance,  for  she  is 
seen  over  one-half  of  the  earth  at  the  same  moment ; yet  she  is 
not  so  distant  as  the  sun,  for  she  sometimes  comes  between  the 
earth  and  that  body,  producing  a solar  eclipse.  He  may  also 
happen,  by  the  observation  of  a transit,  to  discover  that  Mercury 
is  sometimes  nearer  to  us  than  the  sun ; but  all  the  information 
that  can  be  thus  attained  will  be  disjointed  and  imperfect,  and 
it  is  only  by  very  accurate  observations,  with  the  aid  of  instru- 
ments, that  any  valuable  or  correct  information  can  be  ascer- 
tained. To  trace  tire  methods  by  which  our  knowledge  has 
been  acquired,  would  be  inappropriate  in  this  place ; such  a 
general  outline  of  results,  as  may  be  sufficient  to  acquaint  the 
reader  with  the  relations  of  the  earth  to  the  wandering  bodies 
and  the  sun,  is  all  that  will  be  attempted. 

The  earth  is  an  individual,  and  almost  unimportant,  member 
of  a system  of  bodies  of  which  the  sun  is  the  centre.  The 
solar  system  consists  of  a number  of  planets,  which  peri- 
odically revolve  round  the  sun  in  oval  orbits ; some  of  them 
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being  attended  by  satellites  that  have  orbits  of  nearly  the  same 
form.  These  motions  are  produced  by  the  attractions  of  the 
central  bodies  : that  of  the  sun  prevents  the  planets  from  Hying 
off  into  space,  and  that  of  the  planets  supports  the  satellites. 
All  these  bodies  have  therefore  an  influence  on  one  another  at  a 
distance,  each  one  assisting  in  connecting  the  whole  as  securely 
as  though  they  were  absolutely  united  by  a tangible  substance; 
and  that  influence  is  tire  attraction  of  gravitation. 

Four  of  the  planets,  Venus,  Mars,  Jupiter,  and  Saturn,  are 
not  only  visible  to  the  naked  eye,  but  may  almost  be  distin- 
guished by  their  remarkable  brilliancy.  Uranus  can  scarcely 
be  seen  without  a telescope,  and  Mercury,  though  visible  as  a 
large  star,  is  only  occasionally  in  view  on  account  of  its  near- 
ness to  the  sun,  in  the  splendour  of  whose  beams  it  is  lost.  Its 
greatest  angular  distance  from  the  soui-ce  of  light,  is  about  29®; 
and  it  is  either  seen  as  a morning  or  an  evening  star.  When  it 
is  to  the  east  of  the  sun,  and  is  sufficiently  distant  from  it  not  to 
be  lost  in  its  retiring  glory.  Mercury  may  be  seen  in  the  western 
horizon  ; when  to  the  west,  in  the  eastern  horizon,  shining  with 
peculiar  brilliancy,  as  the  harbinger  of  its  lord.  Ceres,  Pallas, 
Vesta,  and  Juno,  are  never  seen  by  the  naked  eye,  to  which 
circumstance  we  may  perhaps  trace  their  comparatively  recent 
discovery. 

The  following  table  may  be  useful  to  the  reader  as  giving  the 
most  important  particulars  in  relation  to  their  orbits  and 
dimensions : the  planets  are  placed  in  the  order  of  their  prox- 
imity to  the  sun. 


Planet's  name. 

Mean  distance 
from  the  Sun, 
oi  semi-axis. 

(Mean  Sidereal 
period  in  mean 
Solar  days. 

Equatorial  di- 
ameter, the  sun 
being  111.4-54. 

Mercury 

0.3870981 

87  9692580 

0.398 

‘Vemis  . . 

0.72.'i33I6 

224-7007869 

0.975 

Earth  . . 

l.OOl  0000 

365  2563612 

1.000 

Mars  . . . 

1.5^30923 

6Ji6.97»i458 

0.517 

Vesta  . . . 

2.3678700 

1325.7431000 

Juno  . . . 

2.6690090 

1592.6608000 

Ceres  . . . 

2.7672450 

1681.3.931000 

Pallas  . . 

2.7728860 

1686.5388000 

Jupiter  , . 

5.20277C0 

4332.5848212 

10  860 

Saturn  • . 

9.5387861 

10759.2198174 

9.987 

Uranus  . . 

19,1823900 

30686.8208296 

4.332 

[The  powers  of  the  telescope,  within  a very  few  years,  have 
enabled  us  to  add  materially  to  the  catalogue  of  planets ; and 
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among  the  list  we  may  enumerate  the  following : viz.,  Neptune, 
Asiraea,  Hebe,  Iris,  Flora,  Metis,  Hygeia,  Parthenope,  Victoria, 
Egeria,  Irene,  and  Eunomia;  besides  four  more,  which  have 
been  discovered  during  the  course  of  the  last  year. 

The  orbit  of  the  planet  Nepture  is  far  beyond  that  of  Uranus; 
its  mean  distance  from  the  sun,  or  semi-axis,  being  36,154,  and 
the  duration  of  its  sidereal  revolution  21 7>387  years.  It  was  dis- 
covered by  Dr.  Galle,  of  Berlin,  in  1846,  and  the  other  planets 
above  enumerated,  like  Pallas  and  Ceres,  are  of  an  ultra-zodiacal 
character,  and  were  all  discovered  from  the  years  1845  to  1851.] 
Instruments  called  Orreries  are  sometimes  introduced  in 
public  lectures  to  explain  the  size  and  relative  positions  of  the 
planetary  bodies.  These  arrangements  may  possibly  attract 
the  attention  of  juveniles,  and  assist  them  in  remembering  the 
order  and  names  of  the  bodies  composing  the  solar  system,  but 
they  are  really  useless  in  any  other  respect,  except  in  inducing 
the  presence  of  those  persons  who  seek  to  gratify  the  eye.  Many 

of  them  are 
constructed 
in  a very 
ingenious 
manner,  & 
they  are  in- 
teresting as 
exhibitions 
of  mechani- 
cal skill. — 
The  term 
by  which 
orreries  are 
now  known 
appears  to 
have  been 
derived  on- 
ly from  the 
accidental 

circumstance,  that  the  first  instrument  of  the  sort  was  con- 
structed for  the  Earl  of  Orrery,  whom  the  manufacturer,  Mr. 
Rowley,  desired  to  compliment  by  affixing  his  name  to  the 

toy. 
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The  similarity  between  the  forms  of  the  peculiar  orbits  in 
which  the  planets  move,  can  scarcely  fail  to  attract  the  atten- 
tion of  the  student.  The  greatest  and  least  distances  of  the  earth 
from  the  sun  are  in  the  proportion  of  twelve  to  thirteen,  those  of 
Mars  as  five  to  six,  and  the  other  planets  revolve  in  paths  that 
differ  more  or  less  from  an  exact  circle ; but  still  in  curves 
nearly  circular. 

The  present  arrangement  of  the  solar  system  appears 
the  only  one  by  which  the  stability  of  the  whole  could 
be  secured.  But  in  contemplating  this  stability,  it  must 
be  borne  in  mind  that  the  planets  exert  an  attractive 
power  on  each  other,  though  they  are  all  under  the  still 
more  powerful  influence  of  the  sun.  The  earth,  for  instance,  is 
retained  in  its  orbit  by  the  sun,  but  it  is  proportionably 
affected  by  Mercury,  Venus,  Jupiter,  aud  the  other  planets, 
according  to  their  masses  and  distances.  But  all  these  bodies 
are  constantly  changing  their  positions  in  relation  to  the  earth 
and  to  each  other;  and  upon  the  discovery  of  this  fact  we  are 
naturally  led  to  inquire  what  will  be  the  ultimate  result  of 
these  combined  attractions.  The  question  is  not  whether  they 
will  produce  an  immediate  effect  injurious  to  the  stability  of  the 
system,  but  whether  they  will  not  do  so  in  ages  to  come.  In  a 
single  revolution  their  influence  upon  each  other  must  be  small, 
for  the  combined  attraction  of  all  the  planets,  by  which  the 
disturbances  ai'e  produced,  is  insignificant  when  compared  with 
the  force  of  the  sun.  But  if  these  slight  influences  continue 
'to  act  upon  a planet,  revolution  after  revolution,  they  may 
hereafter  remove  it  from  its  present  orbit. 

To  give  an  individuality  to  the  inquiry,  it  may  be  asked, 
whether  it  be  possible  that  the  attractions  of  the  planets  can,  in 
process  of  time,  draw  the  earth  from  its  orbit,  and  thus  produce 
all  the  evils  which  would  result  from  a change  of  season  ? or  is  it 
possible  that  it  may  be  brought  so  near  to  another  body  as  to 
interfere  with  equable  motion,  or  to  produce  a second  deluge  ? 
There  are  perturbations,  and  if  they  can  be  carried  on  without 
limit,  there  is  no  possibility  of  calculating,  or  even  of  imagining, 
the  wretched  condition  to  which  the  earth  and  her  sister 
planets  may  be  reduced  by  their  long  continued  and  progres- 
sive action. 

The  excentricity  of  the  earth  has  been  decreasing  from  the 
earliest  times  of  astronomical  observation;  and  her  satellite,  the 
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moon,  has  been  moving  more  and  more  rapidly  from  the  time  of 
the  first-recorded  eclipse.  It  is  not  irrational  therefore  to  inquire, 
vrhere  will  these  changes  end?  What  hut  destruction  can  lesult 
from  these  innovations  on  the  beauty,  harmony,  and  stability 
of  the  system?  But  the  Author  of  the  incomparable  mechanism 
of  the  universe  has  not  left  his  work  to  disarrange  and  destroy 
itself.  There  is  a limit  to  these  changes  in  the  very  constitution 
of  systems.  They  may  progress  for  a time,  but  the  causes 
themselves  must  cease  to  act,  and  the  bodies  that  are  for  awliile 
disarranged  will  be  brought  again  to  their  first  condition.  It 
may  be  readily  imagined  that  it  is  not  easy  to  estimate  the 
amount  of  these  perturbations,  or  the  time  when  they  will  be 
corrected,  for  it  must  be  remembered  that  every  change  in 
the  position  of  the  disturbing  bodies,  will  cause  an  alteiation 
in  the  motion  of  the  body  acted  upon.  But  I^agrange  and 
Laplace  have  proved  that  these  perturbations  cannot  exceed  a 
certain  limit,  which  will  never  affect  the  stability  of  the  system. 
The  effect  produced  upon  a planet  by  the  attraction  of  minor 
bodies,  is  only  periodical;  the  causes  produce  a maximum 
result  and  then  cease  to  act,  so  that  the  disturbed  body  is 
brought  again  into  the  orbit  from  which  it  had  wandered, 
without  deranging  the  order  of  tlie  system. 

Nothing  can  give  us  a more  elevated  notion  of  the  wise 
arrangements  of  the  Supreme  than  such  considerations  as  these. 
If  these  bodies  had  been  projected  with  either  greater  or  less 
velocity  than  was  originally  given  to  them,  they  would  have 
moved  in  orbits  of  greater  or  less  excentricities,  and  then  the 
stability  of  the  entire  system  would  have  been  destroyed,  and 
an  element  of  destruction  have  been  introduced.  No  other 
arrangement,  as  far  as  we  can  judge,  would  have  produced  the 
desired  effect,  or  ensured  the  combination  from  destruction, 

THE  FORCE  OF  GRAVITY. 

We  have  made  some  allusion  to  a force  which  we  have  called 
the  force  of  gravity,  and  we  should  give  a very  impei-fect  notion 
of  the  relations  of  the  earth,  if  some  allusion  wci’e  not  made  to  its 
influence  upon  matter  in  general,  and  upon  the  celestial  bodies 
in  particular.  It  is  by  virtue  of  this  force  that  unsupported 
bodies,  near  the  earth,  fall  downwards ; that  they  exert  a 
pressure  on  the  surface  on  which  they  rest ; that  the  planets 
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revolve  round  the  sun,  and  the  satellites  round  their  prima- 
ries ; it  is,  in  fact,  the  cause  of  nearly  all  the  phenomena  of 
motion  which  we  observe  around  us.  The  origin  of  this  force 
we  cannot  determine,  hut  the  circumstances  under  which  it  acts, 
and  the  laws  by  which  it  is  governed,  are  perfectly  understood. 

It  is  a law  of  gravitation  that  bodies  attract  each  other  accord- 
ing to  their  masses.  Thus,  if  two  bodies  exist  in  space  beyond 
the  influence  of  all  other  matter,  one  being  a mass  twice  as 
great  as  the  other,  they  will  exert  a mutual  attraction ; but 
while  the  larger  approaches  through  a space  equal  to  one,  the 
less  will  move  through  a space  equal  to  two.  If  the  greater 
mass  be  doubled,  then  the  less  will  feel  the  force  of  its  increased 
attraction,  and  advance  through  a space  equal  to  four,  while  the 
larffer  advances  one.  There  is  no  difficulty  in  understanding 
this  law,  for  as  all  bodies  attract  each  other  according  to  their 
masses,  so  every  particle  in  the  universe  attracts  every  other 
particle : and  it  is  in  obedience  to  this  force  that  all  bodies  pro- 
jected from  the  surface  of  the  earth  fall  to  it  again.  Matter  is 
in  itself  perfectly  passive  and  inert,  and  when  we  perceive  it  to 
be  in  a condition  of  rest  or  motion  we  may  bo  certain  that  the 
state  is  produced  by  some  external  force.  It  will  therefoi-e 
follow  that,  independently  of  the  force  of  gravity,  there  is  no 
reason  why  a body  should  fall  downwards;  it  should  rather 
take  the  direction  in  which  it  is  thrown.  But  as  different 
bodies  fall  to  the  earth  in  different  times,  it  may  perhaps  be 
difficult  to  identify  the  law  to  which  we  have  alluded.  The 
entire  attractive  force  of  the  earth  is  exerted  upon  each  in- 
dividual atom  of  all  bodies,  and  consequently  they  ought, 
whether  large  or  small,  to  fall  in  equal  times.  The  difficulty, 
however,  is  removed  by  the  consideration  that  the  air  acts 
upon  the  surface  of  bodies;  and  of  two  substances  equal  in 
weight,  but  of  different  volumes,  that  will  fall  first  which 
presents  the  least  resistance  to  the  air.  A stone  and  a feather 
would  fall  from  a height  in  equal  times,  in  a vacuum ; but 
when  exposed  to  the  retarding  influence  of  the  air,  the  stone 
falls  first,  not  because  it  is  more  powerfully  attracted  by  the 
earth,  for  the  same  force  is  exerted  upon  its  particles  as  upon 
those  of  a feather,  but  because  it  is,  in  proportion  to  its  mass, 
less  resisted  in  its  progress  through  the  atmosphere. 

' This  attractive  force  between  two  bodies  varies  inversely 
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as  the  square  of  their  distance,  or,  in  other  words,  the  attraction 
decreases  as  the  square  of  the  distance  increases.  Suppose  a 
body  to  be  attracted  by  another  with  a force  equal  to  one,  at  a 
distance  represented  by  one ; at  the  distance  of  two  the  force 
will  only  be  one-fourth ; at  three,  one-ninth ; and  at  four,  one- 
sixteenth.  This  important  law  was  discovered  by  Kepler. 

With  a knowledge  of  these  two  laws  there  will  be  no  diffi- 
culty in  accounting  for  the  fall  of  liodies,  whether  they  are 
raised  into  the  air  and  abandoned,  or  whether  they  are  dropped 
into  a mine  or  well  from  the  surface  of  tlie  earth.  To  deter- 
mine the  direction  of  gravity,  it  is  only  necessai-y  to  ascertain 
the  line  in  which  bodies  fall.  The  direction  of  a thread  sus- 
pended by  one  end,  and  having  a heavy  ball  attached  to  the 
other,  will  give  the  direction  of  gravity;  for  the  line  into  which 
it  is  drawn,  must  bo  regulated  by  the  action  of  the  force  of 
gravitation,  and  hence  we  determine  that  the  tendency  of  the 
power  called  terrestrial  gravity  is  to  draw  all  bodies  towards 
the  centre  of  the  earth; or,  in  other  words,  its  direction  is  in  a 
perpendicular  to  the  surface  of  still  water. 

CURVILINEAR  MOTION. 

But  if  a body  be  cast  obliquely  into  the  air  this  tendency  will 
be  greatly  modified,  for  although  it  will  be  brought  to  the  earth, 
yet  it  will  be  deflected  from  its  rectilinear  path,  and  if  there 
were  no  impediment,  would  never  reach  the  centre  of  the  earth, 
but  continue  to  revolve  around  that  point.  Yet  why  does  the 
stone  move  in  a curve  ? why  does  it  not  take  a rectilinear 
path  to  the  point  towards  which  it  is  thrown  ; and  when  that 
force  is  destroy  ed,  why  does  it  not  fall  in  a perpendicular  line 
to  the  earth  ? Bodies  are  made  to  move  in  curves  when  one 
of  the  forces  by  which  they  are  influenced  is  an  accelerating 
force  ; that  is,  when  it  causes  a body  to  move  faster  and  faster 
by  its  continued  action.  A certain  projectile  force  is  im- 
pressed upon  a stone  when  it  leaves  a sling ; and  it  moves 
with  a velocity  proportional  to  that  force  until  tne  power 
is  expended,  and  then  it  begins  to  fall.  But  gravity  is  a force 
that  acts  continually  upon  a body,  not  only  at  the  moment 
it  begins  to  fall,  but  every  instant  during  its  descent;  so 
that  in  calculating  the  time  required  to  bring  a body  from 
any  height  to  the  surface  of  the  earth,  an  estimate  must  be 
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made  of  its  constantly  increasing  velocity.  The  force  of  gravity 
is  thus  an  accelerating  force,  and  when  it  acts  upon  bodies 
moving  obliquely  to  its  line  of  direction,  a curvilinear  motion 
is  produced. 

Sir  Isaac  Newton  chose  the  sling  as  an  illustration  of  his 
doctrine  of  the  curvilinear  motion  of  the  planets.  Now  in  this 
instrument,  or  toy,  we  observe  that  a stone  placed  in  the  bag 
of  a sling  makes  an  incessant  effort  to  escape,  but  is  restrained 
as  long  as  the  string  is  held  in  the  hand.  The  string  may  repre- 
sent the  attraction  of  a central  body,  or,  as  it  is  technically  ex- 
pressed, the  centripetal  or  centre-seeking  force ; the  stone  is  the 
revolving  body,  and  the  effort  it  makes  to  leave  the  string  is 
called  the  centrifugal  or  centre-flying  force.  But  it  is  evident 
that  some  power  is  necessary  before  these  forces  can  be  de- 
veloped, for  the  string  may  be  attached  to  the  sling  without 
producing  motion ; some  impulse  must  be  impressed  before  the 
body  will  begin  to  revolve,  and  this  is  effected  by  a sudden  effort 
of  the  hand,  and  that  is  called  the  projectile  force. 

It  is  easy  to  apply  these  remarks  on  the  sling  to  the  motion  of 
the  heavenly  bodies,  which  is  entirely  dependent  on  the  con- 
tinued action  of  a centripetal  and  centrifugal  force. 

Let  the  body  A,  representing  the  earth,  be  projected  along 
the  line  AH,  into  space,  and  if  it  be  acted  on  by  no  other  force, 

it  v'ill  move  in  that  line  for 
ever.  But  let  S,  the  sun, 
begin  to  attract  it  with  an 
adjusted  force,  at  the  same 
moment  that  the  projectile 
force  is  impressed,  and  it 
will  revolve  in  a curvilinear 
line,  as  ATW,  instead  of 
flying  off  in  the  line  AH. 
Now,  according  to  the  power 
of  the  projectile  force  will 
be  the  curve  of  the  planet’s 
motion,  and  hence  it  is  that 
we  perceive  an  evidence 
of  design  in  the  forms  and  arrangements  of  the  orbits  of 
these  bodies.  If  either  the  centripetal  or  centrifugal  force 
were  to  cease,  the  connexion  between  the  members  of  the 
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solar  system  would  be  immediately  dissolved  ; in  one  case  they 
Avould  be  thrown  abroad  in  space,  and  in  the  other  they  would 
rush  towards  the  body  of  the  sun,  which  they  would  reach  in 
longer  or  shorter  times,  according  to  their  distances.  The  fol- 
lowing table  will  show  the  times  in  which  the  planets  would 
fall  to  the  sun,  if  the  centrifugal  force  generated  by  their 
revolution  were  destroyed. 


Days.  Hours. 


Mercury  would  fall  to  the  Sun  in 

. 1j 

13 

Venus 

. . 39 

17 

The  Earth  , * . . . 

64 

10 

Mars 

0 

Jupiter  ...... 

290 

0 

Saturn  ..... 

. . 798 

0 

Georgium  Sidus  .... 

5406 

0 

The  Moon  would  fall  to  the  Earth  in 

. . 4 
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We  have  now  ascertained  that  the  earth  is  an  oblate  spheroid, 
having  one  revolution  on  its  axis,  and  another  round  the  sun  as 
the  centre  of  the  system  to  which  it  belongs ; and  we  have  traced 
the  origin  of  that  wonderful  combination  of  worlds  forming  sys- 
tems, and  have  explained  the  action  of  the  forees  by  which  their 
motions  are  produced  and  their  stability  ensured.  To  give  an 
idea  of  the  relative  magnitudes  and  distances  of  the  planets  we 
cannot  do  better  than  quote  a passage  from  Sir  John  Herschel’s 
very  elegant  and  masterly  Treatise  on  Astronomy.  “ Choose 
any  well-levelled  field  or  bowling-green,  on  it  place  a globe  two 
feet  in  diameter  ; this  will  represent  the  sun ; Mercury  will  be 
represented  by  a grain  of  mustard-seed,  on  the  circumference 
of  a circle  of  164  feet  in  diameter  for  its  orbit ; Venus  a pea, 
on  a circle  284  feet  in  diameter ; the  Earth  also  a pea,  on  a 
circle  of  430  feet ; Mars  a rather  large  pin’s  head  on  a circle  of 
654  feet;  Juno,  Ceres,  Vesta  and  Pallas,  grains  of  sand,  in 
orbits  of  from  1000  to  1200  feet ; Jupiter  a moderately  sized 
orange  in  a circle  nearly  half  a mile  across ; Saturn  a small 
orange  on  a circle  of  four-fifths  of  a mile ; and  Uranus,  a full- 
sized  cherry,  or  small  plum,  upon  the  circumference  of  a circle 
more  than  a mile  and  a half  in  diameter.  As  to  getting  correct 
notions  on  this  subject  by  drawing  circles  on  paper,  or,  still 
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worse,  from  those  very  childish  toys  called  orreries,  it  is  out  of 
the  question.  To  imitate  the  motions  of  the  planets  in  the 
above-mentioned  orbits.  Mercury  must  describe  his  own  dia- 
meter in  forty -one  seconds ; Venus  in  four  minutes  and  fourteen 
seconds ; the  Earth  in  seven  minutes ; Mars  in  four  minutes 
forty-eight  seconds;  Jupiter  in  two  hours  fifty-six  minutes; 
Saturn  in  three  hours  thirteen  minutes;  and  Uranus  in  two 
hours  sixteen  minutes.” 


How  diminutive  does  the  world  that  we  inhabit  appear, 
when  compared  with  the  system  to  which  it  belongs ; but  how 
much  more  so  when  contrasted  with  the  immensity  of  the 
universe  ! What  a sublime  sight  is  presented  to  view  when  the 
bright  hemisphere  with  its  million  worlds  is  unveiled  before  us ; 
worlds  that,  for  aught  we  know,  may  be  as  thickly  inhabited  as 
our  own ! But  all  these  are  at  a distance  too  great  to  be 
measured,  and  yet  possessing  an  independent  light  sufficiently 
intense  to  cast  a glimmering  ray  upon  the  earth.  The  astronomer 
says  they  are  suns,  and  in  all  probability  the  centres  of  systems 
as  large  and  important  as  that  of  which  the  earth  is  a member. 
No  appearance  in  material  existence  can,  perhaps,  raise  our 
conception  of  the  wisdom  and  power  of  the  Supreme  mind  so 
high  as  a view  of  the  celestial  sphere  when  presented  to  the 
sight  by  the  aid  of  art ; and  the  adoration  that  is  excited  can 
only  be  increased  by  a combined  estimate  of  the  mighty  energy 
that  supports  all  these  systems,  and  the  solicitude  that  is 
evinced  in  the  provisions  which  have  been  made  for  animal 
existence,  and  for  the  endless  happiness  of  man. 

But  although  the  earth  appears  so  trifling  a thing  when  com- 
pared with  the  system  of  the  universe,  it  will  not  be  uninteresting 
to  attempt  an  explanation  of  the  many  curious  phenomena  by 
which  it  is  distinguished.  Things  are  great  or  small  by  com- 
parison, for  all  our  conceptions  are  relative.  It  is  important 
that  we  should  know  something  of  the  system  with  which  the 
earth  is  connected,  and  something  of  the  universe  of  which  it  is 
a member.  In  the  review  of  these,  we  are  struck  by  their 
magnitude  and  sublimity;  and  when  we  compare  the  earth  with 
them,  we  are  startled  by  the  idea  of  its  minuteness.  But  the 
mitid  which  is  impressed  with  the  sublimity  of  celestial  pheno- 
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mena  will  not  fail  to  acknowledge  the  grandeur  of  a mountain  ^ 
scene,  or  of  the  ocean  in  a storm  ; the  volcano  will  not  appear  the 
less  terrible,  or  the  lightning  the  less  grand.  Our  investigation 
of  the  relation  that  the  earth  bears  to  the  universe  may  there- 
fore, it  is  hoped,  rather  stimulate  than  repress  our  anxiety  to 
know  something  more  of  the  globe  on  which  we  dwell,  and  the 
appearances  by  which  we  are  surrounded. 

DAY  AND  NIGHT. 

It  has  been  stated  that  the  earth,  instead  of  being,  as  might 
be  imagined,  the  centre  of  the  universe,  is  an  almost  insignifi- 
cant member  of  a small  system ; it  is  in  fact  a little  planet, 
having  a rotation  on  its  axis,  as  well  as  a revolution  round  the 
sun,  the  source  of  its  light  and  heat.  From  these  facts  it  fol- 
lows, that  at  all  times  one  half  of  the  earth’s  surface  must  be 
illuminated  by  solar  rays,  and  the  other  must  be  in  a state  of 
entire  or  partial  darkness.  Thus  we  see  that  when  the  sun  is 
above  the  horizon  of  any  place,  it  is  illuminated  by  the  light 
which  is  brought  into  action  by  its  presence.  But  the  mere 
presence  of  the  sun  above  the  horizon  would  not  be  sufficient  to 
spread  over  the  exposed  hemisphei-e  the  cheering  influence  of 
its  beams.  Were  there  no  atmosphere,  or  did  that  which 
envelops  our  planet  possess  no  reflective  and  scattering  powers, 
then  an  object  placed  at  ever  so  small  a distance  from  the  direct 
beams  of  the  sun  would  be  shrouded  in  a midnight  obscurity. 
But  the  dispersive  power  of  the  atmosphere  scatters  the  light 
in  every  direction,  and  the  whole  of  one  hemisphere  is  always 
illuminated.  The  origin  of  the  inequality  in  the  length  of 
day  and  night  will  be  evident  when  W'e  speak  of  the  seasons, 
which,  although  they  essentially  depend  upon  the  celestial 
relations  of  the  earth,  will  be  more  properly  discussed  when  we 
speak  of  the  phenomena  resulting  from  the  distribution  of 
heat. 


CHAPTER  II. 


CELESTIAL  APPEARANCES. 


Comets. — Astral  influence. — Halley’s  Comet. — Physical  Constitution  and 
Orbits  of  Comets.— Nebulas.*— Herschers  opinions. — Phases  of  the  Moon. 
— Eclipses. 

Astronomy  has  greatly  aided  the  progress  of  civilisation, 
and  has  proportionally  benefited  society,  by  explaining  celestial 
appearances.  Without  the  information  it  conveys,  the  human 
race  would  still  witness  with  terror  many  phenomena  of  daily 
occurrence.  The  security  of  past  ages  against  injury  from 
celestial  appearances  w'ould  not  be  sufiicient,  in  all  instances, 
to  quiet  our  fears ; but  ignorant  of  the  mysterious  motions  we 
observe,  new  causes  of  terror  would  suggest  themselves,  while 
the  illiterate  and  superstitious  would  be  constantly  exposed  to 
the  imposition  of  the  crafty. 

By  the  expression  “ celestial  appearances  ” we  do  not  intend 
to  include  all  those  phenomena  witnessed  in  the  heavens,  but 
those  only  which  are  connected  with  the  conditions  and  motions 
of  the  celestial  bodies.  There  are  many  phenomena  which 
have  their  origin  in  the  region  of  the  atmosphere,  as  lightning 
and  the  aurora  borealis : to  these  we  shall  make  no  reference  in 
this  chapter,  but  introduce  an  explanation  of  them  when  con- 
sidering the  causes  from  which  they  derive  their  origin.  The 
most  striking  celestial  appearances,  and  those  to  which  allusion 
will  be  made  in  this  place,  are  Comets,  Nebulae,  Eclipses,  and 
the  Phases  of  the  Moon. 

COMETS. 

Comets  were  long  beheld  with  a feeling  of  superstitious  awe 
as  the  harbingers  of  evil.  Reasoning  from  assumed  principles, 
men  were  accustomed  to  regard  them  not  only  as  the  forewarners 
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but  as  the  causes  of  political  convulsions.  All  human  affaii'S 
were  supposed  to  be  under  the  control  of  celestial  influences; 

and  it  is  not 
strange  that 
comets  were 
invested  with 
an  uncom- 
mon degree 
of  exciting 
power.  There 
is  abundant 
historical  evi- 
dence to  prove 
that  the  art 
of  astrology 
was  practised 
among  the 
eai’liest  na- 
tions, and 
that  its  au- 
thority was  admitted  by  successive  generations.  Not  only 
was  it  used  in  the  temples  and  oracles  of  the  Greeks  and  Romans, 
but  also  in  Assyria,  Babylonia,  Egypt,  and  Hindostan.  In 
all  these  countries  it  was  practised,  and  by  universal  con.sent 
acknowledged  to  be  the  most  noble  of  all  sciences.  It  was  this 
that  gave  the  priesthood  so  entire  and  enslaving  an  influence 
over  the  public  mind,  led  to  the  establishment  of  sanguinary 
superstitions,  and  was  the  origin  of  idolatry  itself. 

It  is  not  perhaps  singular  that  the  early  nations,  who  are 
known  to  have  paid  great  attention  to  celestial  phenomena,  and 
especially  to  the  relative  motions  of  the  heavenly  bodies,  should 
have  chosen  them  as  the  means  of  their  divinations.  The  influ  ■ 
ence  w'hich  the  apparent  solar  motion  exerted  upon  the  seasons, 
and  the  rising  of  particular  stars  as  the  forerunner  of  periods, 
may  have  induced  them  to  feel  an  especial  interest  in  astronomical 
phenomena,  and  have  been  a reason  for  the  choice  that  was 
made  of  them  as  emblems.  But  whatever  influence  these 
thoughts  may  have  had  in  after  ages  upon  the  minds  of  philo- 
sophers, there  can  be  no  doubt  that  a peiwading  and  universal 
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belief  in  astrology,  or  the  influence  of  the  stars  upon  the  moral 
character,  the  intellectual  powers,  and  the  individual  fortunes 
of  mankind,  prompted  those  investigations  which  have  made 
astronomy  the  most  perfect  of  all  the  sciences.  The  cylinders 
found  in  the  ruins  of  .Babylon,  Nineveh,  and  other  ancient 
cities,  might  be  mentioned  to  prove  the  universality  of  a belief 
in  astral  influences;  for  they  are  generally  acknowledged  to  be 
horoscopical  devices  employed  by  individuals  as  signets,  and 
only  differing  from  the  seal  now  employed  in  being  of  a 
cylindrical  form,  and  containing  the  engraved  emblematical 
representation  of  the  planets  at  birth,  instead  of  the  devices 
assigned  by  the  College  of  Hei  alds.  In  the  works  of  the  most 
ancient  poets  there  are  frequent  allusions  to  the  representation 
of  celestial  bodies,  and  they  appear  to  have  been  almost  the 
only  designs  used  on  the  armour  and  shields  of  warriors. 
We  often  read  of  the  flaming  star,  by  which  is  probably  meant 
a comet,  as  having  been  employed ; Achilles  bore  on  his  shield 
the  full-orbed  moon,  Orion,  and  the  Pleiades ; and  the  shield 
of  Tydeus  was  marked 

“ With  this  proud  argument ; a sable  sky 

Burning  with  stars,  and  in  the  midst  fuU-orb’d 

A silver  moon.” 

It  may  also  be  mentioned  that  the  designation  of  warriors 
and  legislators  as  the  sons  of  the  gods  was  not  received  in  its 
literal  application,  as  if  their  descent  could  be  traced  from  them  ; 
but  is  another  proof  of  the  universal  belief  in  astrology  among 
the  Greeks  and  Romans,  and  means  nothing  more  than  that 
they  were  born  under  the  influence  of  a certain  star,  for  stars 
were  invested  with  the  attributes  of  divinity.  Lucan  is  explicit 
on  this  point  where  he  says,  “ How  can  we  suppose  that  AEneas 
was  the  son  of  Venus,  Minos  of  Jupiter,  Ascalaphus  of  Mars, 
and  Autolychus  of  Mercury  ? All  of  them  were  beloved  by  the 
gods,  but  Venus  beheld  one,  Jupiter  another,  and  Mars  another 
at  their  respective  nativities ; for  whichsoever  presided  at  the 
time  of  birth  was  supposed  to  adopt  the  children,  and  form  them 
after  his  own  similitude  in  body  and  in  mind.  Thus  Minos  was 
a king,  under  Jupiter ; .®neas  was  beautiful,  as  born  under 
Venus  ; and  Autolychus  a thief,  from  his  father  Mercury.” 
Without  extending  our  remarks  upon  the  universal  belief  in 
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the  influence  of  the  stars,  which  obtained  in  the  early  and 
middle  ages,  it  will  be  evident  that  the  opinion  must  have  been 
exceedingly  injurious  to  an  ignorant  people,  conforming  itself 
as  it  does  to  the  indolent  habits  of  man,  by  favouring  the 
belief  that  all  the  circumstances  of  his  life  are  fixed,  independent 
of  the  exertions  he  may  make.  With  such  a sentiment  the 
mind  was  prepared  to  expect  some  personal  result  to  attend 
every  celestial  appearance,  and  both  comets  and  eclipses  were 
viewed  with  terror,  increased  by  the  ignorance  of  the  nature  of 
the  one,  and  the  cause  of  the  other. 

The  physical  constitution  of  comets  is  little  better  known  in 
the  present  day  than  in  former  times,  though  the  ancients 
appear  to  have  differed  in  opinion  as  to  their  character.  The 
Peripatetics  described  them  as  meteors,  while  Aristotle,  Plu- 
tarch, and  others,  class  them  among  the  planetary  bodies.  “ I 
cannot  believe,”  says  Seneca,  “ that  a comet  is  a fire  suddenly 
kindled,  but  that  it  ought  to  be  ranked  among  the  eternal  works 
of  nature.  A comet  has  its  proper  place,  and  is  not  easily 
removed  from  it ; it  goes  its  course  and  is  not  extinguished,  but 
moves  from  our  view.  But,  you  will  say,  if  it  were  a wander- 
ing star,  it  would  keep  in  the  zodiac.  Y et  who  can  set  one 
boundary  to  all  the  stars  ? Who  can  confine  tJie  works  of 
divinity  to  a narrow  space  ? For  each  of  those  bodies  which 
you  imagine  to  be  the  only  ones  that  have  motion  have  very 
different  curves ; why,  therefore,  may  there  not  be  some  that 
have  peculiar  motions  of  their  own,  by  which  they  are  caused 
to  recede  far  from  the  rest  ?” 

Newton  discovered  that  comets  are  bodies  moving  in  fixed 
orbits  round  the  sun.  As  soon  as  this  philosopher  had  discovered 
the  laws  of  universal  gravitation  he  applied  them  to  the  de- 
termination of  the  motion  of  comets ; for  having  proved  that, 
according  to  the  conditions  of  that  force,  a body  might  describe 
any  conic  section  about  the  sun,  he  believed  it  possible  that 
comets,  in  their  apparently  irregular  motions,  might  be  governed 
by  gravitation.  The  comet  of  1680,  which  approached  the  sun 
to  w'ithin  one-sixth  of  its  diameter,  enabled  him  to  test  the  truth 
of  his  conjecture,  and  he  proved  that  it  moved  in  an  elliptical 
orbit  of  so  great  an  excentricity  that  it  could  not  be  distinguished 
from  a parabola,  having  the  sun  as  one  of  its  foci ; and  that,  as 
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in  the  case  of  the  planets,  the  areas  described  about  the  sun 
were  proportional  to  the  times  ; a law  discovered  by  the  illus- 
trious Kepler.  From  this  calculation  it  became  evident  that 
the  comets  were  governed  by  the  same  laws  as  the  planetary 
bodies,  and  that  the  orbits  of  the  former  differed  from  those  of 
the  latter  in  the  great  elongation  of  their  elliptical  paths. 

Halley  applied  the  principle  discovered  by  Newton,  and  by 
calculating  the  elements  of  the  comet  which  appeared  in  1 082, 
from  its  perihelion  passage,  identified  it  as  that  which  had  been 
seen  in  1531  and  1607,  and  predicted  that  it  would  be  again 
visible  in  the  year  1759.  After  this,  Clairaut,  a French  astrono- 
mer, computed  the  influence  that  would  be  exerted  upon  it  by 
the  planets,  and  calculated  that  if  it  retained  its  period  it 
would  be  delayed  about  618  days,  and  that  it  would  pass  the 
perihelion  about  the  middle  of  April  1759  ; but  it  made  its  peri- 
helion passage  on  the  12th  of  March,  a time  sufficiently  near  to 
prove  the  accuracy  of  the  principle.  This  comet,  called  after 
the  celebrated  astronomer,  Halley,  who  first  calculated  its 
elements,  was  visible  in  the  year  1835.  It  w'as  expected 
on  the  third  of  August,  and  was  discovered  by  the  astro- 
nomers at  the  Observatory  of  the  Collegio  Romana  on  the  fifth 
of  that  month.  On  account  of  the  cloudy  weather,  and  the 
great  glare  of  moonlight,  it  was  not  seen  in  any  other  part  of 
Europe  till  the  twenty-second  of  August,  when  it  was  observed 
at  Berlin,  and  on  the  twenty -third  it  was  discovered  by  the 
astronomers  of  England.  Its  path  had  been  previously  calcu- 
lated by  several  eminent  mathematicians,  especially  by  Lub- 
bock, Damoiseau,  and  Pontecoulant,  all  of  whom  formed  an 
estimate  of  its  course  closely  approximating  to  the  curve  in 
which  it  moved. 

The  nature  of  comets,  and  the  purposes  they  serve  in  the 
system  to  which  they  belong,  are  almost  entirely  unknown. 
No  probable  explanation  has  yet  been  given  of  the  character  of 
that  train  of  luminous  matter  frequently  appended  to  them,  and 
very  inappropriately  termed  the  tail,  since  it  frequently  precedes 
the  body  itself.  The  tail  is  sometimes  of  very  considerable 
length.  Aristotle  states  that  the  tail  of  the  comet  which  appeared 
in  371  A.C.,  occupied  a third  of  the  hemisphere,  or  60°;  that  of 
1580  is  said  to  have  covered  an  extent  of  more  than  70°;  and 
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that  of  1618, 104°.  But  a tail  is  not  a necessary  appendage  to 
a comet,  for  some  have  been  quite  destitute,  as  were  those 
of  1586  and  1763;  while  others  have  had  several  tails: 
that  of  1744  had  no  less  than  six,  which  spreading  out  in  the 
form  of  a fan,  extended  over  a space  of  nearly  30®.  A very 
small  condensed  spot  has  been  observed  in  the  heads  of  some 
comets,  but  the  fixed  stars  may  be  seen  through  the  densest 
parts  of  many,  and  from  the  circumstance  that  none  of  them 
have  exhibited  phases,  though  they  undoubtedly  shine  by 
reflected  light,  it  is  supposed  that  they  have  no  claim  to  be 
considered  as  solid  bodies,  but  have,  in  all  probability,  the  condi- 
tion of  the  lightest  vapour. 

The  appearances  of  several  hundred  comets  have  been 
recorded ; but  in  estimating  their  probable  number  it  should  be 
remembered  that  only  the  largest  among  them  could  have  been 
observed  previous  to  the  discovery  of  the  telescope ; and  that 
many  are  not  seen,  on  account  of  their  traversing  that  part  of 
the  heavens  which  is  above  the  horizon  in  the  day-time,  although 
it  has  sometimes  happened  that  they  have  been  sufficiently 
bright  to  be  seen  in  spite  of  the  solar  beams,  like  that  which 
preceded  the  death  of  Caesar,  and  those  which  were  observed  in 
1402  and  in  1532.  Yet  scarcely  a year  passes  without  an 
appearance  of  one  or  two  comets,  and  it  occasionally  happens 
that  two  or  three  are  visible  at  the  same  time.  According  to  a 
calculation,  on  the  theory  of  probabilities,  by  Mrs.  Somerville, 
there  may  be  no  less  than  fourteen  hundred  comets  that  range 
within  the  earth’s  orbit,  and  Herschel  being  twenty  times  more 
distant,  there  may  be  no  less  than  eleven  millions  two  hundred 
thousand  comets  that  come  within  the  known  extent  of  our 
system.  This  calculation  was  founded  upon  the  circumstance 
that  a hundred  and  forty  comets  appeared  within  the  earth’s 
orbit  last  century. 

The  calculations  that  have  been  made  to  determine  the  dimen- 
sions of  comets  prove  that  they  are  by  far  the  largest  bodies  in 
our  system.  The  greatest  length  of  that  which  appeared  in 
1753  was  sixteen  million  leagues;  that  of  1811,  thirty-six 
millions ; while  that  of  1680  was  not  less  than  forty-one  million 
leagues. 

'The  path  of  a comet  is  frequentlj'  deranged,  and  sometimes 
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entirely  changed,  by  its  proximity  to  the  planets.  That  which 
appeared  in  1770,  revolving  in  a moderate  ellipse,  in  a period  of 
about  five  years,  passed  among  the  satellites  of  Jupiter;  and 
was  so  affected  by  the  planet  itself,  that  it  was  thrown  out  of 
its  path,  and  afterwards^noved  in  a much  larger  orbit.  To  the 
same  cause  we  may  often  attribute  the  gradual  dissipation  of  the 
tail  of  a comet,  and  its  being  retarded  in  its  orbit,  though  at 
other  times  the  latter  effect  may  be  attributed  to  the  resistance 
occasioned  by  passing  through  a rare  ethereal  medium  in  the 
regions  in  which  it  moves.  This  cause  has  been  acting  upon 
Encke’s  comet,  the  velocity  of  which  has  been  continually 
decreasing,  and  with  it  consequently  the  centrifugal  force ; so 
that  should  the  centripetal  force  continue  to  increase  in  power, 
the  comet  must  ultimately  fall  into  the  body  of  the  sun,  if  it 
be  not  previously  dissipated,  a circumstance  by  no  means 
improbable,  as  it  decreases  in  size  every  revolution. 

NEBULA. 

There  are  appearances  in  the  heavens  called  nebulae,  concern- 
ing which  we  may  make  a few  remarks,  although  they  come 
less  within  our  objects  of  inquiry,  as  they  are  chiefly  telescopic. 
These  nebulae  exhibit  a variety  of  appearances,  sometimes 
presenting  themselves  as  globular  clusters  of  stars  and  some- 
times as  diffused  nebulosity.  Many  are,  no  doubt,  stars  at 
so  enormous  a distance  from  us  that  they  can  only  be  dis- 
tinguished by  the  doubtful  light  they  throw  around  them. 
Others  have  been  supposed  to  cousist  of  phosphorescent  matter, 
which  either  extends  itself  over  the  heavens,  or  is  condensed 
around  some  star  or  dense  matter.  Sir  William  Herschel 
has  delineated  a very  beautiful  nebulous  formation  in  the  con- 
stellation Orion,  which  he  observed  with  his  large  telescope. 
Huygens,  speaking  of  this  nebulosity, says,  “that  its  appearance 
had  the  same  effect  upon  an  observer  as  that  which  might  be 
supposed  to  proceed  from  raising  a curtain  that  hid  an  ocean  of 
light,  the  waves  of  which  were  irregularly  illuminated.” 

To  the  question,  what  is  the  ultimate  destination  of  these 
nebulae,  we  can  only  answer  by  conjectures.  Sir  William 
Herschel  thought  he  could  trace  a regular  series  of  changes  from 
a simple  distribution  of  nebulous  matter  to  that  of  a nebulous 
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star ; and  some  astronomers  believe  that  a condensation  of  tins 
matter  is  constantly  going  on,  and  that  new  worlds  are  daily  iii 
the  process  of  formation.  This  is  a vast  conception,  and  if  the 
mind  could  at  all  adequately  grasp  it,  would  give  an  overwhelm- 
ing impression  of  omnipotent  skill ; but  there  are  some  men 
who  exclude  God  from  all  his  works,  and  invest  with  his  dig- 
nity and  sovereignty  that  indefinable  thing  they  are  pleased  to 
designate“necessity.”  Thegreatmindof  Laplace  was  tainted  with 
this  unaccountable  and  unphilosophical  heresy ; and,  under  its 
dictation,  availed  himself  of  the  discoveries  that  were  made  by 
Sir  William  Herschel  for  the  invention  of  an  hypothesis  by  which 
to  account  for  the  formation  of  the  planets,  and  the  sun  itself, 
from  a nebulous  luminosity,  which  he  was  pleased  to  designate  the 
primitive  cause.  Laplace  imagined  a time  when  the  sun,  having 
a revolution  on  its  axis,  was  surrounded  by  an  atmosphere, 
which,  on  account  of  the  excessive  heat  of  the  luminary  itself, 
became  so  dilated,  that  it  extended  beyond  the  space  in  which  the 
most  distant  planet  of  the  solar  system  now  revolves.  But  in 
proportion  as  the  temperature  of  the  sun  decreased,  or,  in  other 
words,  as  the  solar  atmosphere  was  condensed,  the  rotation 
increased,  and  the  centrifugal  force  of  the  most  distant  portion 
of  the  atmosphere  overcoming  the  centripetal  force,  that  is  the 
attraction  of  the  sun,  a ring  of  vaporous  matter  was  separated, 
which  breaking  into  pieces,  reunited,  and  formed  an  indepen- 
dent mass,  which  began  to  revolve  around  the  source  of  light. 
As  the  cooling  went  on,  other  zones  were  thrown  from  the  mass, 
and  thus  a series  of  vaporous  planets  were  formed.  As  these 
detached  masses  of  vapour  were  cooled  and  condensed,  they,  like 
the  sun  itself,  also  threw  off  a portion  of  their  matter  for  the 
formation  of  rings  or  satellites.  By  this  singular  hypothesis, 
which  is  built  on  no  other  foundation  than  a conjecture  as  to 
the  ultimate  destination  of  the  now  existing  nebulous  matter, 
the  French  philosopher  accounted  for  the  formation  of  the  solar 
system.  We  cannot,  however,  conceive  how  the  reception  of 
such  a theory  could  at  all  advance  his  object,  or  prove  that  the 
primitive  cause  of  material  existence  was  a fortuitous  combina- 
tion of  atoms  ; for,  admitting  the  truth  of  his  hypothesis,  it  may 
still  be  asked,  whence  the  atoms,  and  the  properties  by  which 
they  were  distinguished  ? 
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PHASES  OF  THE  MOON. 

The  phases  of  the  moon  may  also  be  mentioned  as  celestial 
appearances  worthy  of  attention,  and  come  more  immediately 
under  our  consideration  than  those  just  mentioned  as  being  con- 
stantly visible  to  the  naked  eye.  The  moon  is  not  inherently 
luminous  like  the  sun,  but  becomes  visible  by  reflecting  the 
solar  beams.  If  the  moon’s  surface  were  smooth  and  polished,  an 
appearance  very  different  from  that  now  exhibited  would  be 
observed,  for  it  would  not  then  reflect  light  in  every  direction, 
but  at  certain  periods  an  intensely  brilliant  image  of  the  sun 
would  be  seen.  The  moon  is  a rough  and  opaque  body,  and, 
like  the  primary  planets,  reflects  a portion  of  the  rays  that  are 
thrown  upon  its  illuminated  surface,  that  is  upon  the  hemisphere 
nearest  to  the  sun. 

The  surface  of  the  moon,  as  a telescopic  object,  presents  a 
most  interesting  appearance.  It  is  beautifully  diversified  with 
mountains,  valleys,  and  plains,  having  apparently  all  the  varie- 
ties of  distribution  that  are  known  to  exist  on  the  surface  of 
the  earth.  Some  of  the  mountains  form  elevated  continuous 
ridges;  others  are  insulated  and  conical,  having  the  precise  form 
of  the  terrestrial  volcano.  It  may  appear  a bold  statement 
that  there  are  lunar  volcanoes  in  different  stages,  but  those  who 
have  an  opportunity  of  observing  the  moon’s  disc,  with  a toler- 
ably good  telescope,  for  a few  months,  may  easily  convince 
themselves  of  the  truth  of  the  assertion. 

But  the  inhabitants  of  the  earth  can  only  see  that  part  of  the 
moon's  body  which  is  turned  towards  the  earth,  and  conse- 
quently she  presents  different  appearances  according  to  the 
relative  position  of  the  illuminated  disc.  It  will  be  readily 
perceived  that  when  the  moon  is  between  the  earth  and  the 
sun,  she  must  be  invisible  to  us,  since  her  dark  surface  is  pre- 
sented ; but  when  the  earth,  by  the  moon’s  revolution,  is  placed 
between  the  sun  and  herself,  then  her  illuminated  disc  becomes 
visible  to  us,  and  she  is  said  to  be  at  her  full.  As  she  revolves 
in  her  orbit  from  one  of  these  points  to  the  other,  portions  of  the 
illummated  surface  are  seen  upon  the  earth,  and  this  is  the 
origin  of  her  phases. 
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A complete  revolution,  that  is  from  new  moon  to  new  moon, 
is  called  a lunar  month,  but  this  period  is  not  equable,  as  it 
would  be  if  the  sun  itself  had  no  apparent  motion ; but  as  it  has 
an  apparent  though  slower  motion,  in  the  same  direction  as  the 
moon  herself,  a longer  time  will  be  required  in  order  that  she 
may  again  be  brought  into  conjunction  with  the  sun. 

Let  E represent  the  earth,  and  abed,  &c.,  the  moon  in 
different  parts  of  her  orbit,  and  S the  sun  at  its  real  distance. 

be  situated, 
there  is  al- 
ways one 
enlightened 
and one dark 
hemisphere. 
When  in 
the  position 
a,  that  is 
when  in 
conjunction 
with  the 
sun,thedark 
part  is  turn- 
ed toward 

the  earth  ; when  she  comes  to  g,  half  the  bright  hemisphere  is 
presented,  and  the  same  happens  when  she  is  situated  at  cy 
but  when  she  is  at  e the  whole  of  the  bright  surface  is  towards 
the  earth,  and  there  is  therefore  a full  moon.  When  the 
moon  is  situated  at  b and  h,  less  than  half  the  bright  surface 
will  be  presented,  when  at  d and  f more. 

The  orbit  of  the  moon,  like  that  of  the  planets,  is  an  ellipse, 
but  considerably  more  excentric,  and  its  plane  does  not  coincide 
with  that  of  the  ecliptic,  but  is  inclined  to  it  at  an  angle  of 
5®  S'  48",  which  is  called  the  inclination  of  the  lunar  orbit,  and 
the  two  points  where  the  moon’s  orbit  intersects  the  ecliptic  are 
called  the  moon’s  nodes ; that  in  which  the  moon  passes  fi’om 
the  southern  side  of  the  ecliptic  to  the  northern  is  called  the 
ascending  node  ; and  the  other,  the  descending.  This  fact  will 
assist  us  in  explaining  the  circumstances  under  which  solar  and 
lunar  eclipses  are  produced. 

n 2 


Now  in  whatever  part  of  the  orbit  the  moon  may 
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ECLIPSES. 

An  eclipse  is  the  interception  of  the  light  of  one  of  the 
luminaries  by  the  interposition  of  an  opaque  body,  and  in 
respect  to  their  objects  are  characterised  as  the  eclipse  of  the 
sun,  and  the  eclipse  of  the  moon.  In  regard  to  the  circumstance, 
it  may  be  total,  partial,  or  annular,  the  last  epithet  being  given 
to  that  in  which  the  whole  of  the  body  is  darkened  except  a 
narrow  rim  of  the  exterior  or  edge ; or,  in  other  words,  when 
an  annular  eclipse  occurs,  a fringe  of  light  is  exposed  round  the 
edge  of  the  shadowed  luminary.  * 

An  eclipse  of  the  moon  is  occasioned  by  the  intervention  of 
the  body  of  the  earth  directly  between  herself  and  the  sun,  thus 
intercepting  the  sun’s  rays ; or  it  may  he  otherwise  described  as 
resulting  from  the  passage  of  the  moon  through  the  shadow  of 
the  earth.  When  we  observe  an  eclipse  of  the  moon,  the 
lunarians,  if  indeed  the  moon  he  inhabited,  must  at  the  same 
moment  witness  a solar  eclipse. 

Let  AB  represent  the  sun,  and  CD  the  earth,  that  hemisphere 

opposed  to 
the  sun’s 
body  will  be 
illuminated 
by  it,  and 
the  other 
will  be  dark 

so  that  if  we  prolong  the  lines  AC  and  BD  until  they  meet,  it 
will  be  the  space  within  which  the  shadow  of  the  earth  extends, 
and  any  body,  as  the  moon,  M,  entering  it,  no  part  of  the  sun’s 
disc  could  be  seen  from  it ; this  shadow  is  called  the  umbra. 
There  is  a space  beyond  the  umbra,  in  which  a spectator 
being  placed  would  see  only  a portion  of  the  sun’s  disc,  the 
other  part  being  intercepted  by  the  body  of  the  earth,  and 
this  is  called  the  penumbra. 

In  a lunar  eclipse  the  body  of  the  moon  is  observed  to  enter 
the  penumbra,  for  she  is  less  and  less  distinctly  seen  until  she 
at  last  enters  the  real  shadow  of  the  earth,  one  pai-t  after  an- 
other disappearing ; and  when  she  has  passed  through  the 
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shadow  she  comes  progressively  into  view  ; at  first  as  though 
surrounded  by  a haze,  until,  having  passed  the  limits  of  the 
penumbra,  she  regains  her  accustomed  brightness,  d'he  cone  of 
the  earth’s  umbra  extends  beyond  the  orbit  of  the  moon,  so 
that,  if  she  be  in  her  node  at  the  time  when  she  comes  into  con- 
junction with  the  earth  and  the  sun,  she  must  pass  through  the 
umbra  of  the  earth,  and  a total  eclipse  will  be  observed ; but 
the  eclipse  may  also  be  total  if  she  be  only  a short  distance  from 
her  node,  or,  to  express  the  fact  more  definitely,  if  the  moon’s 
latitude  be  equal  to  the  apparent  semi-diameter  of  the  earth’s 
shadow,  minus  the  semi-diameter  of  the  moon’s  disc.  All  lunar 
eclipses  are  universal,  that  is  to  say  they  are  visible  at  all  those 
parts  of  the  earth  where  the  moon  is  above  the  horizon,  and 
present  the  same  appearance  as  to  magnitude  and  duration.  It 
may  also  be  observed  that  the  eastern  side  of  the  moon  first 
immerges  into  and  emerges  from  the  shadow ; for  the  motion  of 
the  moon  being  swifter  than  that  of  the  earth’s  shadow,  she 
approaches  it,  and  having  passed  tlirough  leaves  the  shadow  to 
the  westward. 

An  eclipse  of  the  sun  is  occasioned  by  the  interposition  of  the 
body  of  the  moon  between  the  earth  and  the  sun,  and  conse- 
quently can  only  occur  at  the  time  of  the  new  moon. 

Let  AB  represent  the  sun,  M the  moon,  and  CD  the  earth. 
Now  if  the  shadow  or  umbra  of  the  moon  extend  so  far  as  to 


vidual  situa- 

" ted  thereon 

would  observe  a solar  eclipse.  An  eclipse  of  the  sun  differs  in 
many  particulars  from  an  eclipse  of  the  moon ; it  does  not  present 
the  same  appearance  on  all  parts  of  the  earth  where  it  is  seen, 
for  in  one  it  may  be  total,  in  another  partial,  and  in  a third 
annular ; nor  can  an  eclipse  of  the  sun  happen  at  all  the  places 
w'here  the  sun  is  visible,  as  the  penumbra  cannot,  under  any  cir- 
cumstances, cover  a hemisphere ; it  is  not  seen  in  ail  places  at 
the  same  time,  and  it  always  commences  on  the  western  side. 

The  object  of  this  sketch  prevents  us  from  entering  into  any 
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further  particulars  relating  to  eclipses,  and  especially  into  any 
details  of  a practical  character.  The  reader  will  not,  however, 
it  is  hoped,  be  satisfied  with  this  outline,  as  he  may  easily 
acquaint  himself  with  the  method  by  which  these  phenomena 
are  predicted,  and  will  find  more  satisfaction  in  determining  the 
time  when  an  appearance  of  this  kind  will  be  witnessed,  and 
will  acquire  more  information  by  doing  so,  than  he  could  obtain 
from  such  details  as  are  suited  to  the  character  and  objects  of 
this  volume. 

This  phenomenon  is  one  of  great  importance  to  us,  and 
must  be  equally  so  to  the  inhabitants  of  the  moon,  if  that 
planet  be  inhabited  by  beings  of  capabilities  and  wants  similar 
to  ourselves.  The  opinion  that  the  earth  is  a spherical  body 
is  confirmed  by  a lunar  eclipse,  for  the  shadow  of  the 
earth  upon  the  lunar  disc  is  always  bounded  by  an  arc  of  a 
circle.  Now  this  could  not  be  the  case  if  the  shadow  were 
not  conical,  and  the  shadow  could  not  be  conical  if  the 
earth  were  not  spherical.  It  may  also  be  deduced  from 
the  same  phenomenon,  that  the  sun  is  larger  than  the  earth, 
and  that  the  earth  is  larger  than  the  moon ; for  if  the  sun  were 
not  larger  than  the  earth,  the  shadow  could  not  converge,  or 
end  in  a point ; and  if  the  earth  were  not  larger  than  the  moon 
the  latter  could  never  be  totally  eclipsed,  but  the  earth’s 
shadow  envelopes  it  at  the  distance  of  the  lunar  orbit.  By 
eclipses,  and  especially  those  of  the  moon,  the  longitude  of 
places  may  be  determined,  the  latter  being  peculiarly  adapted 
for  the  solution  of  this  problem,  because  the  appearance  is  the 
same  in  all  the  places  where  it  is  visible. 

It  must  not,  however,  be  forgotten,  that  the  calculation  of 
the  periods  when  eclipses  have  occurred,  has  sometimes  assisted 
in  determining  the  time  of  historical  events ; and  thus  astronomy 
has  lent  its  aid  to  literature.  It  is  stated  by  Thucydides,  that 
a solar  eclipse  was  witnessed  at  Athens,  in  the  afternoon  of  a 
summer’s  day,  in  the  first  year  of  the  Pleoponnesian  war  ; and 
it  was  so  nearly  total  that  the  stars  made  their  appearance.  By 
calculation  it  is  found  that  this  happened  at  about  six  o’clock 
in  the  evening,  on  the  third  of  August,  in  the  year  431  before 
Christ.  When  it  is  remembered  that  all  our  divisions  of  time 
are  founded  upon  the  motions  of  the  heavenly  bodies,  and  the 
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phenomena  which  are  thus  produced,  it  will  not  appear  singular 
that  the  record  of  eclipses  should  often  assist  the  chronologist 
in  the  determination  of  dates.  The  paths,  periods,  and  irregu- 
larities of  the  moon  and  the  earth  being  known,  it  is  not  a very- 
difficult  task  to  determine  the  times  when  eclipses  have  occurred. 
An  industrious  and  persevering  man  might  easily  compute  the 
times  when  the  sun  or  the  moon  has  been  eclipsed,  as  well  as  the 
times  when  they  will  be ; and  from  these  he  might  ascertain 
the  dates  of  many  remarkable  political  or  national  events.  The 
attention  of  men  has  ever  been  directed  to  a consideration  of  the 
appearances  exhibited  in  the  heavens,  and  they  seem  to  have 
been  always  conscious  that  no  ten’estrial  phenomenon  could  be 
employed  to  measure  the  lapse  of  time.  These  two  circum- 
stances may  pi'obably  account  for  the  frequent  allusion  to 
astronomical  occurrences  in  the  works  of  the  ancient  historians 
and  poets. 

There  are  other  celestial  appearances,  beside  those  which 
have  been  described,  that  are  occasionally  witnessed  from  the 
earth  ; but  those  that  have  been  mentioned  are  the  most  re- 
markable. It  is  seldom  that  men  take  an  eulai-ged  view  of 
the  influence  of  scientific  knowledge  upon  the  public  mind. 
They  speak  of  it  as  calculated  to  raise  the  intellectual 
standard,  to  free  the  individual  from  the  dominant  control  of 
superstition  or  fear,  and  to  give  him  great  capabilities  of  gene- 
ralisation. But  the  advantages  of  knowledge  can  be  appre- 
ciated only  when  we  can  perfectly  realise  the  condition  of  a 
society  in  which  it  had  never  existed,  if  indeed  a society  could 
exist  under  such  conditions.  Compare  the  feelings  which  an 
individual  of  that  community  would  experience  during  a solar 
eclipse  with  those  which  would  be  indulged  by  one  who,  though 
he  could  not  account  for  it,  had  made  himself  acquainted 
with  some  of  the  laws  which  govern  the  most  remarkable  celes- 
tial phenomena.  The  one  would  be  terrified  by  an  appearance 
that  he  must  have  heard  of  by  tradition,  or  perhaps  may  have 
himself  witnessed ; the  other,  under  a full  conviction  of  the 
admirable  arrangement  of  all  natural  causes,  deduced  from  his 
limited  knowledge  of  their  operation,  would  be  induced  to  seek 
some  information  concerning  the  origin  of  this  newly-exhibited 
effect,  and  would  be  ashamed  to  entertain,  and  much  more  to 
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express,  a fear  until  he  knew  it  to  be  justified  by  reason.  Our 
object,  however,  in  describing  the  celestial  relations  of  the 
earth,  and  the  astronomical  phenomena  witnessed  upon  its 
surface,  has  been,  to  give  the  reader  as  comprehensive  a view 
as  possible  of  its  relative  position,  and  the  means  by  which  it  is 
retained  in  its  position,  feeling  certain  that  the  personal  advan- 
tages to  which  we  have  occasionally  alluded,  will  be  enjoj'ed  by 
every  earnest  inquirer. 


CHAPTER  III. 


THE  ATMOSPHERE  AND  ITS  PROPERTIES. 


Proofs  of  the  existence  of  a Terrestrial  Atmosphere. — Composition  of  Atmo- 
spheric Air. — Properties  of  the  Atmosphere.  — Balloons — Elasticity  and 
pressure  of  the  Atmosphere. — Barometers. — Limits  of  the  Atmosphere. — 
Adaptation  of  the  Atmosphere  to  Animal  Life.— Air  a conductor  of  Sound. 
— Echoes.— Wind. 

The  earth  is  surrounded  by  an  immense  aerial  ocean,  which 
is  an  important  agent  in  supporting  animal  and  vegetable  life, 
and  in  sustaining  the  present  condition  of  the  phenomena  around 
us.  An  atmosphere  is  not  the  necessary  appendage  of  a world, 
but  we  have  evidence  both  within  and  without  us  to  prove  that 
the  earth  is  enveloped  by  a gaseous  medium,  and  that  it  is  of 
no  small  importance  in  the  economy  of  ten’cstrial  conditions. 
IVere  we  to  select  from  the  phenomena  we  occasionally  witness 
a few  that  might  prove  the  existence  of  an  atmosphere  round 
our  planet,  we  might  mention  the  resistance  it  offers  to  bodies 
in  motion,  the  force  with  which  at  other  times  it  propels  them, 
and  the  colour  it  gives  to  the  ethereal  vault. 

PROOFS  OP  THE  EXISTENCE  OF  AN  ATMOSPHERE. 

Every  body  in  rapid  motion  is  retarded  by  the  atmosphere 
through  which  it  moves.  A ball,  or  any  other  substance,  when 
once  put  into  motion,  would  continue  in  that  state  for  ever,  if 
there  were  no  disturbing  force.  Matter  has  no  predisposition 
to  rest,  and  the  ancient  philosophers  incorrectly  compared  it  to 
an  idle  man,  capable  of  motion,  but  much  attached  to  rest. 
Motion  and  rest  are  relative  conditions,  and  when  a body  is 
in  one  or  the  other,  it  is  so  because  of  the  forces  that  are  acting 
upon  it.  Matter  is,  in  fact,  perfectly  passive,  and  therefore 
matter  once  in  motion  would  continue  in  motion  for  ever,  if 
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there  were  no  force  tending  to  bring  it  to  a state  of  rest.  The 
resistance  of  the  air  is  one  of  these  disturbing  causes.  The 
pendulum,  for  instance,  when  put  into  motion,  vibrates  in 
obedience  to  the  force  of  gravity,  and  would  never  come  to  rest 
if  its  motion  were  not  destroyed  by  friction  and  the  resistance 
of  the  air. 

The  atmosphere  itself  is  capable  of  motion,  and  when  its 
equilibrium  is  disturbed,  either  locally  or  generally,  it  produces 
an  effect  upon  all  bodies  that  are  in  its  path.  It  not  only 
carries  away  in  its  progress  the  lighter  substances  with  which 
it  comes  into  contact,  but  when  greatly  agitated  overturns 
buildings,  uproots  trees,  and  ploughs  up  the  solid  earth.  Man, 
who  subdues  and  regulates  all  natural  agents  by  the  exercise 
of  those  properties  of  mind  with  which  God  has  endowed  him, 
has  applied  air  in  motion  as  a mechanical  force,  and  compels 
it  to  accomplish  his  wishes,  not  only  in  the  alleviation  of  his 
daily  toil,  but  in  facilitating  his  intercourse  with  the  several 
sections  of  the  human  family. 

If  it  were  necessary  to  mention  any  other  phenomenon  as 
proving  the  existence  of  an  atmosphere,  allusion  might  be  made 
to  its  colour.  The  vault  of  heaven,  when  uncovered  by  the 
clouds  which  sometimes  hang  as  draperies  beneath  it,  has  a 
beautiful  azure  or  blue  tint.  This  colour  cannot,  of  course, 
belong  to  space,  nor  is  it  the  result  of  the  influence  of  those 
bodies  which  revolve  in  it,  but  is  occasioned  by  the  passage  of 
light  through  the  atmosphere.  When  a small  quantity  is  exa- 
mined the  colour  cannot  be  detected,  because  the  portion  of 
coloured  light  transmitted  to  the  eye  is  too  faint  to  give  the 
sensation  of  colour ; and,  for  the  same  reason,  a bottle  of  sea- 
water has  a clear  transparent  appearance,  though  the  deep  sea 
from  which  it  was  taken  may  have  a rich  green  colour.  By 
such  facts  as  these  we  are  made  acquainted  with  the  existence 
of  an  atmosphere  surrounding  the  earth,  and  extending  to  a 
considerable  height  above  its  surface. 

It  is  highly  important  that  we  should  be  acquainted  with 
the  conditions  of  the  atmosphere,  for  it  is  the  immediate  cause 
of  many  of  the  phenomena  we  witness,  and  has  an  indirect 
effect  in  modifying  the  influence  of  other  agents.  It  is  also  the 
supporter  of  animal  and  vegetable  life,  and  it  has  been  ascer- 
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tained  by  chemists  that  no  combination  of  the  gases  with  which 
we  are  acquainted  would  serve  the  same  purpose  as  that  which 
has  been  employed,  but  would  be  either  instantaneously  or 
progressively  destructive  to  organized  being.  The  atmosphere 
is  also  the  conductor  of  sound,  gives  buoyancy  to  the  clouds, 
and  capabilities  of  flight  to  winged  animals,  and  is  a source  of 
enjoyment  as  well  as  of  existence  to  man. 

COMPOSITION  OF  ATMOSPHERIC  AIR; 

The  body  of  gaseous  matter  by  which  the  earth  is  sun’ounded 
is  composed  of  two  elastic  fluids  called  oxygen  and  nitrogen,  in 
the  proportions  of  one  part  of  the  former  to  four  of  the  latter. 
But  the  atmosphere  contains  other  substances,  which  must  be 
rather  considered  as  impurities  than  as  absolutely  necessary  to 
its  composition  : and  these  are  consequently  in  variable  propor- 
tions. Carbonic  acid  gas  is  a principle  commonly  ■ found  in 
atmospheric  air ; Saussure  detected  it  in  that  which  he  brought 
from  the  top  of  Mont  Blanc ; and  Humboldt,  in  that  from  near 
the  summit  of  the  Andes.  It  is  however  now  certain  that  the 
proportion  of  carbonic  acid  in  air  not  only  varies  in  different 
places,  but  also  at  different  seasons  of  the  year : and  it  is  possible 
that  it  may  be  sometimes  absent,  as  the  companions  of  La 
Perouse  failed  to  detect  its  presence  on  the  top  of  the  peak  of 
Teneriffe. 

A most  interesting  series  of  experiments  has  been  made  by 
M.  Saussure  the-  younger,  at  Chambeisy,  near  Geneva,  from 
which  it  appears  that  meteorological  changes  and  seasons  have 
a tendency  to  alter  the  proportions  of  carbonic  acid  in  the  air. 
A long-continued  frost  increases  and  a thaw  decreases  the  pro- 
portion ; heavy  rains,  also,  were  found  to  diminish  its  quantity, 
probably  by  dissolving  it ; and,  on  the  same  principle,  we  may 
account  for  the  circumstance  that  there  was  less  of  this  gas  in 
the  air  over  the  Lake  of  Geneva  than  at  Chambeisy.  The  same 
philosopher  ascertained  that  there  is  more  in  the  three  winter 
than  in  the  three  summer  months,  and  at  night  than  in  the  day ; 
and  he  estimates  the  average  proportion  of  carbonic  acid  at  4-15 
volumes  in  10,000  of  atmospheric  air. 

Aqueous  vapour  is  also  present  in  the  atmosphere  in  variable 
quantities  between  one  and  one-and-a-half  per  cent. ; and  many 
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gaseous  bodies  may  be  detected,  for  all  the  substances  that  can 
become  aerial  fluids  at  common  temperatures  must  be  occasion- 
ally found.  But  these  are  locally  distributed,  as  well  as  vari- 
able in  amount. 

The  two  essential  component  principles  of  atmospheric  air 
are  extremely  different  in  their  properties,  and  yet  both  are 
necessary  in  the  economy  of  nature.  The  oxygen  gas  is  the 
supporter  of  combustion,  and  is  required  for  the  sustenance  of 
animal  life,  while  on  the  other  hand  nitrogen  unmixed  is  destruc- 
tive to  both.  If  a lighted  taper  be  placed  in  a receiver  inverted 
over  water,  it  will  be  in  a short  time  extinguished ; and  if  the 
remaining  gas  be  examined,  it  will  be  found  that  the  whole  of 
the  oxygen  has  been  expended  in  the  combustion.  In  the  same 
manner  an  animal,  confined  in  such  a situation  that  it  can  only 
breathe  a certain  amount  of  air,  will  soon  abstract  all  the 
oxygen,  and  will  then  die,  being  unable  to  breathe  the  nitrogen. 
This  was  the  cause  of  the  death  of  the  miserable  prisoners  in 
the  Black-hole  of  Calcutta ; and  of  the  two  men  who,  some 
years  since,  went  down  in  a diving-bell,  and  by  an  accident  were 
unprovided  with  a fresh  supply  of  air.  And  yet  oxygen  alone 
would  be  very  unfit  for  respiration ; for  Dr.  Higgins  has  stated 
that  the  pulse  of  a young  man,  that  beat  64  times  in  a minute, 
was  raised  to  120  after  he  had  inhaled  oxygen  gas  for  a short 
time.  It  would  be  equally  unfit  as  the  supporter  of  combustion, 
for  all  combustible  bodies  are  burnt  in  it  with  so  great  a rapi- 
dity, and  with  such  an  intensity  of  light,  that  it  would  be 
exceedingly  unsuited  as  an  atmosphere.  The  nitrogen  seems  to 
neutralise  or  modify  its  effects,  adapting  combustion  to  our 
power  of  beholding  it,  and  preventing  a too  violent  circulation 
of  the  blood. 

The  atmosphere  supports  life  by  giving  out  oxygen  and  calo- 
ric to  the  blood.  When  the  blood  is  brought  into  the  lungs  it 
is  of  a dark  purple  colour,  but  it  then  throws  off  the  hydrogen 
and  carbon,  and  receives  oxygen,  which  gives  it  a bright  red 
colour.  By  every  inspiration  a man  of  average  size  inhales  from 
sixteen  to  twenty  cubic  inches  of  air.  It  was  estimated  by 
Allen  and  Pepys  that  26  6 cubic  inches  of  carbonic  acid  are 
given  oflr  every  minute  by  a healthy  man;  but  this  is  perhaps 
somewhat  more  than  the  truth.  A portion  of  the  nitrogen  that 
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is  received  by  the  lungs  appears  to  he  absorbed,  while  the  other 
and  larger  part  is  rejected  and  thrown  back  again  into  the 
atmosphere,  in  which  it  immediately  rises,  being  lighter  than 
air.  But  this  uncombined  nitrogen  gas  would  very  soon  accu- 
mulate, and  prove  detrimental  to  animal  life,  if  there  were  not 
some  provision  for  its  recombination.  This  provision  has  been 
made  in  the  constitutional  arrangements  of  the  vegetable  king- 
dom. The  upper  sides  of  the  leaves  of  vegetables  give  out  a 
large  portion  of  oxj'gen  during  the  day,  while  they  absorb  the 
nitrogen.  By  this  reciproeal  action  between  animals  and  vege- 
tables the  purity  of  the  atmosphere  is  maintained,  for  the  oxygen 
given  off  by  plants  is  combined  with  the  nitrogen  expired  by 
animals.  When  we  consider  the  large  amount  of  carbonic  acid 
that  is  thrown  into  the  atmosphere  by  animals,  we  cannot  but 
perceive  the  necessity  of  that  arrangement  which  has  been 
made  for  its  decomposition  by  vegetables ; and  this  fact,  con- 
nected with  that  already  mentioned,  gives  as  strong  an  evidence 
of  the  exquisite  skill  with  w’hich  material  agents  have  been 
arranged  to  subserve  the  wants  of  life  in  its  various  gradations, 
as  any  in  the  whole  range  of  philosophy. 

There  has  been  some  difference  of  opinion  as  to  the  manner 
in  which  the  gaseous  principles  of  air  are  united  together.  Some 
philosophers  have  maintained  that  they  are  merely  in  a state  of 
mixture,  while  others  considered  them  to  be  chemically  united. 
It  is  a law  in  chemistry,  that  bodies  combine  in  definite  propor- 
tions. Now  it  had  been  determined  that  the  oxygen  and  nitrogen 
of  atmospheric  air  are  in  the  proportion  of  one  volume  of  the 
former  to  four  of  the  latter,  and  it  was  therefore  very  natural  to 
suppose  that  they  must  be  chemically  combined.  But  although 
the  oxygen  and  nitrogen  of  atmospheric  air  are  united  together 
in  proportions  adapted  to  form  a chemical  compound,  yet  from 
the  experiments  made  by  Mr.  Dalton,  it  is  probable  that  they 
are  only  mixed,  or,  in  other  words,  that  the  particles  of  the 
one  are  diffused  among  those  of  the  other.  It  is  known  that 
gases  possess  a principle  that  may  be  called  a self-repulsive 
power,  that  is  to  say,  particles  repel  those  of  the  same  kind, 
though  they  have  neither  an  attractive  nor  a repulsive  influence 
over  those  of  a distinct  character.  For  this  reason  gases,  w’hen 
mixed  together,  do  not  arrange  themselves  like  liquids,  according 
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to  their  specific  gravities,  but  the  particles  of  each  kind  are 
diffused  throughout  the  whole  space  that  is  occupied  by  the 
fluid.  This  theory  is  supported  by  the  results  of  M.  Dulong’s 
experiments,  by  which  he  has  proved  that  the  refractive  power 
of  atmospheric  air  is  precisely  equal  to  the  sum  of  the  refrac- 
tive powers  of  its  elements. 

This  constitution  of  the  atmosphere  is  of  the  greatest  import- 
ance as  adapting  it  to  those  purposes  it  was  intended  to  fulfil. 
From  the  principle  of  gaseous  diffusion  it  necessarily  follows, 
that  at  all  habitable  heights  above  the  level  of  the  sea,  the  air 
must  have  a nearly  uniform  composition ; for,  though  the  oxygen 
and  carbonic  acid  must  have  a decreasing  ratio  in  ascending,  yet 
at  the  height  of  the  highest  mountains  the  alteration  of  the 
proportions  would  be  little  more  than  perceptible.  If  a portion 
of  either  gas  be  consumed  in  any  place,  the  loss  is  now  imme- 
diately made  up  ; but  if  the  principle  of  diffusion  did  not  exist, 
then  the  deficiency  could  not  be  compensated,  but  the  whole 
atmosphere  might  be  described  as  consisting  of  patches  of  dif- 
ferent gases;  here  we  should  have  a volume  of  oxygen  and  there 
one  of  nitrogen,  while  the  intermediate  space  might  be  divided 
into  parts,  each  of  wJiich  would  be  occupied  by  the  two  in  some 
new  proportion,  or  in  the  order  of  their  specific  gravities,  accord- 
ing to  the  force  which  might  be  brought  into  activity  in  place 
of  the  self-repellent  power.  An  atmosphere  thus  constituted 
would  be  evidently  unfit  to  support  either  animal  or  vegetable  life. 

PROPERTIES  OF  THE  ATMOSPHERE. 

The  general  properties  of  the  atmosphere  are  transparency, 
fluidity,  elasticity,  and  expansibility. 

The  surface  of  the  earth  is  so  richly  adorned  with  things 
calculated  to  delight  the  eye,  that  we  can  hardly  avoid  the  con- 
clusion, that  its  Maker  had  an  intention  of  pleasing  as  well  as  of 
supporting  his  creatures.  But  all  the  display  of  beauty,  so  well 
adapted  to  cheer  the  spirits,  to  enliven  the  sensibilities,  and  to 
excite  the  adoration  of  man,  would  have  been  devised  and  formed 
in  vain,  if  the  atmosphere  had  not  been  a transparent  fluid; 
and  yet  we  must  admit  that  the  Creator  might  have  provided 
an  atmosphere  which  would  have  supported  us,  though  of  such 
a nature  that  we  might  have  wandered  about  in  gloom  and 
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despondence,  or  have  viewed  all  objects  through  a medium  cal- 
culated to  present  them  to  the  eye  in  the  most  disgusting  forms. 
And  if  there  had  been  no  atmosphere,  then  the  entire  vault  of 
heaven  would  have  been  unilluminated,  except  that  part  in 
which  the  sun  itself  was  situated,  while  the  dim  reflection 
from  the  illuminated  portion  of  the  earth  could  only  have 
increased  the  horror  of  the  scene. 

Air  is  possessed  of  all  the  physical  characters  of  fluids,  and 
differs  in  no  respect  from  them,  either  in  its  motion  or  the 
pressure  it  exerts  upon  bodies.  Fluids  press  in  all  directions, 
and  so  does  atmospheric  air,  upwards  as  well  as  downwards, 
and  it  is  capable  of  supporting  light  bodies  as  well  as  liquids. 
We  shall  best  illustrate  the  fluidity  of  atmospheric  air  by  an 
allusion  to  the  theoiy  of  floating  and  sinking  bodies. 

There  are  many  substances  which,  under  particular  circum- 
stances, do  not  apparently  obey  the  attraction  of  gravitation,  but 
act  in  a manner  contrary  to  that  wliich  the  laws  of  gravity 
would  lead  us  to  expect.  Wood  and  cork  float  upon  water, 
and  iron  upon  mercury ; smoke  rises  into  the  air,  instead  of 
falling  to  the  ground ; and  the  clouds  float  over  our  heads,  with- 
out exhibiting  any  tendency  to  fall.  The  same  phenomena  are 
therefore  witnessed  in  the  atmosphere  as  in  liquids,  and  they  are 
sufficient  to  prove  it  a fluid. 

A body  immersed  in  a fluid  displaces  a certain  amount  of 
that  fluid.  If  we  plunge  a cube  of  metal  in  a vessel  of  water, 
the  level  of  the  water  will  be  raised,  and  the  difference  between 
the  two  levels  will  give  the  amount  of  fluid  displaced.  If  a 
cube  of  marble  of  equal  size,  which  is  not  so  heavy  as  the  metal, 
he  plunged  in  the  same  vessel,  the  fluid  will  rise  to  the  same 
height  as  in  the  former  instance.  From  this  simple  experiment 
we  learn  that  when  a body  is  dropped  into  water,  and  sinks,  it 
displaces  a certain  amount  of  water  equal  to  its  bulk,  and  that 
entirely  independent  of  its  weight. 

But  a body  immersed  in  a fluid  loses  part  of  its  weight  equal 
to  the  weight  of  the  fluid  displaced.  It  is  well  known  that  the 
weight  of  a bucket  in  a well  is  much  less  when  in  the  water 
than  when  in  the  air ; for  though  they  are  both  fluids,  yet  the 
weight  of  an  equal  magnitude  of  the  former  is  much  greater 
than  that  of  the  latter.  For  the  same  reason,  men  in  a diving 
bell  may  lift  with  ease  a body  at  the  bottom  of  rivers,  which 
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on  the  surface  of  the  earth  they  could  scarcely  move.  A pleas- 
ing anecdote  is  connected  with  this  subject.  Hiero,  king  of 
Syracuse,  applied  to  Archimedes,  to  know  whether  his  crown 
was  really  composed  of  pure  gold,  or  whether  the  workman  to 
whom  he  had  delivered  a certain  weight  of  that  metal  had 
debased  it  with  copper.  The  crown  was  found  to  be  of  the 
same  weight  as  the  gold  that  was  delivered,  but  the  king’s 
suspicions  were  not  removed.  It  happened  that  Archimedes 
observed,  as  he  descended  the  steps  of  a bath,  that  the  level  of 
the  water  rose  in  proportion  as  his  body  was  immersed.  The 
facts  we  have  stated,  and  their  application  to  the  royal  question, 
immediately  suggested  themselves  to  his  mind,  and  in  the  mo- 
ment of  joy  he  ran  into  the  streets  of  the  city,  crying,  “ I have 
found  it ! I have  found  it ! ” Many  had  observed  the  fact 
which  so  excited  Archimedes,  but  none  had  perceived  the  prin- 
ciples dependent  upon  it,  or  the  manner  in  which  it  could  be 
applied. 

The  theory  of  sinking  and  floating  bodies  is  the  immediate 
consequence  of  the  two  facts  we  have  mentioned.  If  the  weight 
of  the  fluid  that  is  displaced  be  greater  than  the  weight  of  the 
body,  it  will  float,  if  less,  it  will  sink ; and  if  they  be  equal,  the 
body  will  remain  in  equilibrio.  A piece  of  metal  sinks  in  water, 
because  its  w'eight  is  always  greater  than  that  of  the  fluid  it 
displaces,  and  a cork  floats  because  it  is  less.  So  also  bodies  in 
the  atmosphere,  and  in  all  other  gases,  lose  part  of  their  weight, 
equal  to  the  weight  of  the  volume  of  fluid  they  displace.  The 
greater  part  of  bodies  sink  in  the  atmosphere,  because  their 
weight  is  greater  than  that  of  the  volume  they  displace  ; but, 
had  the  atmosphere  been  two  or  three  times  as  heavy  as  water, 
the  same  bodies  would  have  floated  in  it  as  the  clouds  now  do, 
and  man  himself  would  have  partaken  of  the  same  buoyant 
motion.  It  will  be  readily  understood  that  this  principle  em- 
bodies the  theory  of  balloons. 

The  w'ish  to  navigate  the  atmosphere,  and  a conviction  of  its 
practicability,  seem  to  have  been  indulged  by  philosophers  from 
a very  early  period  in  the  history  of  science;  but  no  plan  for  the 
construction  of  a suitable  vessel  was  proposed  until  the  year 
1670,  when  Francis  Lana,  a Jesuit,  revived  the  inquiry  by  the 
invention  of  an  ingenious  balloon.  The  great  difficulty  was,  to 
form  a sailing-vessel  sufficiently  light  to  float  in  the  air,  and  at  the 
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same  time  to  support  its  pressure.  Lana  proposed  to  attacli 

to  a car  four  large 
exhausted  globes, 
w'hich  would  render 
the  appai’atus  so 
light  that  the  aero- 
naut might  be  able 
with  a sail  to  navi- 
gate the  lower  strata 
of  the  atmosphere. 

In  the  year  1676, 
Cavendish  investi- 
gated the  properties 
of  hydrogen  gas,  the 
levity  of  which  made 
it  exceedingly  pro- 
bable that  a thin 
substance  filled  with 
it  would  float  in  the 
air.  Cavallo  made 
some  experiments  in 
1782,  but  apparently 
gave  up  the  subject 
in  despair.  In  the  same  year,  Stephen  and  Joseph  Mont- 
golfier succeeded  in  constructing  an  apparatus  which  was 
lighter  than  the  same  bulk  of  atmospheric  aii-,  and  consequently 
floated  in  it.  After  having  made  a number  of  experiments 
upon  a small  scale,  they  made  public  their  discovery,  and  sent 
up  a large  balloon  at  Annonay,  on  the  6th  of  June  1788.  It 
consisted  of  a large  linen  bag,  lined  with  paper,  117  feet  in  cir- 
cumference, and  weighing  430  pounds.  To  the  open  end  was 
attached  a light  wire  basket,  in  which  combustible  substances 
were  placed  and  ignited,  the  heat  so  rarified  the  enclosed  air 
as  to  render  it  lighter  than  an  equal  bulk  of  the  atmosphere. 
The  machine  ascended,  and  at  this  time  carried  more  than  400 
pounds  of  ballast,  rising  in  ten  minutes  to  the  height  of  6000 
feet. 

Interesting  as  these  experiments  were,  but  little  was  yet  done 
that  could  be  made  seiwiceable  for  the  purpose  of  aerial  naviga- 
tion, as  future  experiments  proved.  The  fire  balloon,  or  Mont- 
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golfier,  as  it  is  sometimes  called,  is  very  unfit  to  support  the 
aerial  voyager,  however  the  car  itself  may  be  fixed.  Pilatre  de 
Rozier  and  the  Marquis  d’Arlandes  did  however  make  the 
perilous  attempt,  and  ascending  from  the  castle  La  Muette,  rose 
to  the  height  of  9000  yards,  and  descended  in  safety.  Several 
persons  at  different  times  repeated  the  experiment,  but  many 
have  lost  their  lives  in  the  indulgence  of  their  curiosity  or 
pride. 

M.  Charles,  professor  of  natural  philosophy  in  Paris,  at  last 
succeeded  in  making  an  air  balloon.  He  provided  himself  with 
a bag  of  lutestring,  twelve  feet  in  diameter,  and  coating  it  with 
a varnish  of  gum,  filled  it  with  hydrogen  gas.  The  appa- 
ratus weighed  about  twenty-five  pounds,  and  when  set  at 
liberty  rose  to  the  height  of  3123  feet  in  two  minutes. 

The  next  improvement  in  the  construction  of  balloons  was 


ing  the  atmosphere  will  ever  be  found  of  any  extensive  service 
to  man.  The  want  of  a method  by  which  to  control  the  direc- 
tion of  a balloon  renders  it  at  present  worthless  as  a convey- 
ance. The  swiftness  of  its  flight  is  a useless  property,  indeed, 
because  it  is  the  servant  of  the  winds,  and  we  have  no  power  to 


Blanchard’s  invention 
of  an  apparatus,  called 
the  parachu  te,  by  means 
of  which  the  aeronaut 
can,  when  required, 
regulate  the  velocity 


of  his  fall.  M.  Gar- 


nerin  improved  this 
apparatus,  and  thus 
greatly  diminished  the 
amount  of  danger  aris  - 
ing  fi-om  aerial  excur- 
sions. 


THE  PARACHUTE. 


Among  the  aero- 
nauts of  our  own 
country  and  time,  Mr. 
Green  is  the  most  cele- 
brated, but  it  may  be 
doubted  whether  our 
capability  of  navigat- 
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stem  the  currents  by  which  it  is  driven.  Instances  may  occur 
in  which  it  may  be  applied  when  the  direction  of  the  wind  is 
favourable,  but  the  opposing  atmosplieric  currents,  and  their 
liability  to  change,  give  a doubtful  character  to  every  attempt. 
The  result  of  Major  Money’s  ascent  proves  the  uncertainty  of 
aerial  advantages.  This  gentleman  ascended  from  Norwich, 
the  wind  blowing  at  the  time  in  such  a direction  as  led  him  to 
suppose  that  he  might  fall  in  the  neighbourhood  of  Ipswich. 
But  he  had  scarcely  attained  the  altitude  of  one  mile,  before 
he  encountered  a violent  current,  blowing  in  a new  direction, 
which  carried  him  to  wards  Yarmouth.  Theballoon  fell  inthesea, 

about  nine 
miles  from 
land  ; the 
major  sup- 
ported him- 
self for 
some  time 
on  the  sur- 
face of  the 
water  by 
holding 
firmly  upon 
the  balloon; 
after  having 
parted  with 
nearly  all 

his  clothes,  he  was  at  last  relieved  from  his  dangerous 
situation  by  a cutter  that  was  cruising  on  the  coast.  This 
is  not  the  only  instance  in  w’hich  the  aeronaut  has  been 
deceived  by  a change  in  the  direction  of  the  wind,  and  the 
existence  of  currents  having  a different  course  from  that  passing 
immediately  over  the  surface  of  the  earth. 

These  general  remarks  on  the  causes  of  floating  and  sinking, 
as  illustrated  by  the  history  of  aeronautics,  prove  the  fluidity  of 
the  air.  But  if  a balloon  had  never  been  constructed,  and  man 
had  never  been  poised  between  the  earth  and  the  ethereal  vault, 
there  would  have  been  no  difficulty  in  proving  the  fact.  Light 
bodies  are  conveyed  from  place  to  place  upon  the  aerial  waves, 
the  clouds  float  over  them  at  all  altitudes,  and  the  feathered 
E 2 
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tribes  rise  and  descend  in  the  vast  ocean,  as  fishes  do  in  the 

water,  hav- 
ing physi- 
cal arrange- 
ments of 
anatomical 
constiTic- 
tionas  beau- 
tifully 
adapted  to 
the  fluid  in 
which  theii 
movements 
are  to  be 
performed 
as  those 
which  cha- 
racterise the 
finny  tribes. 

Elasticity 
is  another 

property  of  atmospheric  air,  a property  which  it  is  well 
known  to  possess.  Previous  to  Mr.  Perkins’s  experiments, 
air  had  not  been  made  to  occupy  a space  less  than  the  one 
hundred  and  twenty-eighth  part  of  its  ordinary  volume  on 
the  surface  of  the  earth ; but  this  gentleman,  by  means  of  an 
apparatus  invented  for  the  purpose,  succeeded  in  reducing  it 
to  a much  less  bulk,  and  states  that  he  at  last  compelled  it  to 
assume  a liquid  state.  The  latter  assertion,  however,  has  gene- 
rally been  objected  to,  as  his  experiments  are  by  no  means  satis- 
factory. It  does  not  necessarily  follow,  that  a body  possessed  of 
compressibility  should  likewise  be  elastic,  for  some  bodies,  when 
compelled  by  pressure  to  occupy  a less  space  than  they  do  under 
ordinary  circumstances,  retain  that  volume.  But  air  is  one  of 
those  bodies  that  has  both  these  properties.  If  we  take  a syringe, 
closed  at  the  end  which  is  usually  open,  the  piston  may  be 
driven  down  to  a considerable  distance  by  the  exertion  of  a little 
force.  The  air,  therefore,  in  the  tube  or  syringe,  suflers  com- 
pression ; but  as  soon  as  the  pressure  on  the  piston  is  removed, 
tlie  air  recovers  its  former  volume,  and  the  piston  is  forced  back 
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into  its  first  position,  from  which  fact  we  learn  that  air  is  pos- 
sessed of  the  property  of  elasticity. 

Expansibility,  or  the  capacity  of  occupying  under  particular 
circumstances  a much  larger  space  than  it  does  under  ordinary 
pressure,  is  another  property  of  atmospherie  air.  Dr.  Ure  has 
calculated  that  the  gases  disengaged  by  exploding  gunpowder,  are 
so  rarefied  by  heat  that  they  occupy  more  than  two  thousand 
times  the  space  of  the  powder  itself ; and  Mr.  Boyle  caused 
atmospheric  air  to  dilate  until  it  had  attained  nearly  fourteen 
thousand  times  its  ordinary  bulk. 

There  are  two  agencies  which  are  especially  active  in  expand- 
ing air — heat  and  a diminution  of  pressure.  If  a bladder  con- 
taining only  a small  portion  of  air  be  exposed  for  a short  time 
to  the  heat  of  a fire,  or  if  boiling  water  be  poured  upon  it,  the 
air  will  expand  and  appear  as  though  it  were  fully  distended 
by  air  in  the  ordinary  state  of  density.  So  also  if  it  be  placed 
under  the  receiver  of  an  air-pump,  and  a part  of  the  air  that 
presses  upon  it  be  abstracted,  it  will  expand,  and  entirely  fill 
the  bladder. 

From  these  statements  it  follows,  that  air  may  have  various 
densities,  according  to  the  circumstances  under  which  it  is 
j)laced.  In  the  instance  of  condensation  that  has  been  men- 
tioned, its  density  was  great;  in  that  of  rarefaction  its  density 
was  small : and  the  same  is  true  of  the  atmosphere,  for  its 
density  at  any  height  is  just  in  proportion  to  the  pfessure  that 
is  exerted  by  the  superincumbent  mass  of  air.  As  the  air  is 
very  elastic,  it  suffers,  in  the  lower  regions,  where  it  bears  a 
great  pressure,  considerable  condensation,  and  extends  itself  as 
much  in  the  higher  regions,  where  there  is  no  force  to  neutralise 
its  elasticity.  It  therefore  follows  that  the  stratum  of  air  im- 
mediately in  contact  with  the  surface  of  the  earth  is  more  dense 
than  any  above  it,  because  it  sustains  a greater  pressure,  and  its 
particles  are  consequently  brought  into  closer  contact.  At  every 
step, as  we  ascend  from  the  surface  of  the  earth, the  air  becomes 
less  dense,  because  it  sustains  a smaller  pressure. 

The  elasticity  of  air  increases  proportionally  with  the  density. 
The  lower  stratum  of  the  atmosphere  is  confined  to  its  present 
bulk,  or  has  its  present  density,  in  consequence  of  the  pressure 
it  sustains.  If  that  pressure  were  removed,  then  its  elasticity 
would  cause  it  to  expand,  and  fill  a much  larger  space  ; but  if 
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we  would  give  it  double  its  present  density,  that  is,  reduce  its 
bulk  to  one-half,  then  a double  pressure  must  be  employed,  and 
if  a triple  density,  a triple  pressure  must  be  applied,  because  its 
elasticity  would  increase  in  the  same  proportion.  This  is  what 
may  be  understood  by  the  expression,  the  elasticity  of  the  air 
increases  proportionally  with  the  density. 

The  decreasing  density  of  the  air  is  not  without  a purpose,  as 
applied  to  the  habits  and  wants  of  particular  animals  and  vege- 
tables. The  condor,  which  is  generally  met  with  at  an  elevation 
of  from  ten  to  sixteen  thousand  feet  above  the  level  of  the  ocean, 
inhabits  a very  rarefied  medium.  Whenever  it  visits  the  lower 
strata  of  the  atmosphere,  it  is  compelled  to  do  so  from  an  abso- 
lute want  of  food,  and  leaves  it  for  the  regions  of  perpetual  snow, 
which  are  more  congenial  to  its  habits  and  constitution,  as  soon 
as  its  wants  are  supplied.  Humboldt  states  that  when  he  visited 
the  Antisina,  one  of  the  Andes  of  Quito,  he  was  accompanied  by 
the  condor  to  the  height  of  sixteen  thousand  feet  above  the  sea ; 
but  when  he  ascended  Chimborazo,  v/hich  is  twenty  thousand 
feet  high,  that  kingly  bird  was  seen  hovering  in  the  air  be- 
neath him.  It  would  therefore  appear  that  it  is  not  suited  to 
live  either  in  the  warm  temperature  and  great  density  of  the 
atmospheric  stratum  that  immediatly  surrounds  the  earth,  nor 
in  the  intense  cold  and  great  rarefaction  of  that  which  rests 
upon  the  summit  of  Chimborazo.  Every  bird  that  floats  in  the 
aerial  ocean  has  a certain  habitation,  governed  or  regulated  by 
the  power  of  its  wing  and  its  constitutional  characters.  The  ele- 
vation from  which  Messrs.  Robertson  and  Saccharoffthrew,from 
the  car  of  their  balloon,  the  pigeons  that  fell  like  weights  on  the 
atmosphere,  was  that  in  which  the  condor  would  have  stretched 
its  broad  pinions  and  thus  defied  the  power  of  man. 

PRESSURE  OF  THE  ATMOSPHERE. 

It  is  scarcely  necessary  to  make  the  formal  statement  that  the 
atmosphere  exerts  an  equal  pressure  upon  all  bodies  on  which  it 
rests,  for  as  it  is  a fluid  it  must  have  weight.  The  weight  of 
100  cubic  inches  of  atmospheric  air  at  60“  Fahr.,  the  barometer 
standing  at  30  inches,  is  30-92  grains,  according  to  Mr.  Kirwan’s 
experiments.  Sir  George  Shuckburgh  obtained  a different  re- 
sult, and  fixes  its  weight  at  30-6  grains ; but  from  the  experi- 
ments of  Prout,  Dalton,  and  Henry,  it  appears  that  Mr.  Kirwan 
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was  nearer  the  truth,  as  these  gentlemen  agree  in  fixing  the 
weight  of  air  at  above  31  grains.  But  whichever  of  these  results 
we  may  adopt,  it  is  quite  evident  that  the  atmosphere  must 
exert  an  enormous  pressure  upon  the  surface  of  the  earth,  and, 
as  it  is  a fluid,  that  pressure  must  be  in  every  direction.  It  was 
proved  by  Galileo  and  Torricelli,  that  at  the  level  of  the  sea 
the  air  presses  with  a force  equal  to  about  fifteen  pounds  upon 
the  square  inch.  Now  supposing  the  body  of  an  average  sized 
man  to  present  a surface  equal  to  about  two  thousand  square 
inches,  he  wUl  support  a weight  of  nearly  thirty  thousand 
pounds.  This  statement,  however,  is  often  misunderstood,  and 
people  imagine  that  we  carry  the  enormous  burden  upon  our 
shoulders,  not  remembering  that  the  pressure  is  distributed  over 
the  body,  and  being  resisted  by  internal  forces,  tends  rather  to 
support  than  to  oppress. 

The  Magdeburgh  hemisphere  is  an  instrument 
that  very  beautifully  illustrates  and  proves  the 
\r/  pressure  of  the  air  in  every  direction.  It  consists 
of  two  hollow  brass  hemispheres,  so  constructed 
that  when  placed  together  they  fit  air-tight.  Each 
of  these  is  furnished  with  handles,  one  of  which  may 
be  unscrewed  and  the  cup  attached  to  the  air-pump. 
This  being  done,  let  the  two  cups  be  placed  together, 
and  the  air  contained  by  them  be  abstracted.  If  the 
stop-cock  be  then  closed,  and  the  apparatus  removed 
from  the  pump,  the  handle  may  be  replaced,  and  two 
MAUGEBURGH  stvoog  pcrsoos  wfll  scarcely  be  able  to  separate  the 
HEMISPHERES,  hemlspheres.  This  experiment,  invented  by  Otto 
Guericke,  demonstrates  the  existence  of  atmospheric  pressure 
in  every  direction,  for  as  soon  as  air  is  admitted  into  the  interior, 
the  external  pressure  is  neutralised,  and  the  hemispheres  may 
be  separated  by  a child. 

The  ancients  were  quite  ignorant  of  the  facts  to  which,  we 
have  just  alluded,  and  attributed  all  those  phenomena  now 
known  to  be  the  results  of  atmospheric  pressure,  to  nature’s 
abhorrence  of  vacuum  or  empty  space.  This  dogma  was 
universally  received  as  the  reason  why  water  rose  in  a pump, 
till  it  was  accidentally  discovered,  in  the  early  part  of  the 
seventeenth  century,  that  water  could  not  be  raised  in  a pump, 
when  the  sucker,  falsely  so  called,  was  more  than  thirty-two 
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feet  from  the  surface  of  the  water.  Unable  to  look  beyond  the 
dogma  they  had  received  from  tlie  ancient  masters,  the  philo- 
sophers of  the  day  decided,  after  a consideration  of  this  fact, 
that  nature  did  not  abhor  a vacuum  to  a height  greater  than 
thirty-two  feet.  Torricelli,  however,  was  not  satisfied  with  the 
explanation,  and  a single  experiment  assured  him  that  the  air 
had  weight,  and  that  water  could  not  rise  to  a greater  height 
than  thirty-two  feet,  because  it  then  exactly  balanced  a column 
of  atmospheric  air  with  a base  of  the  same  dimensions.  As 
soon  as  he  had  formed  this  opinion,  he  conceived  the  happy  idea 
of  testing  its  truth  by  using  mercury  instead  of  water  ; and  the 
practical  results  of  the  experiment  have  been  as  important  as 
the  theoretical.  Mercury  being  about  thirteen  and  a half  times 
heavier  than  water,  a column  of  about  thirty  inches  long  ought 
to  counterpoise  a column  of  atmospheric  air,  if  water  be  really 
sustained  at  a height  of  thirty-two  feet  above  its  level,  by 
atmospheric  pressure.  Torricelli  made  the  experiment,  and  its 
result  proved  the  truth  of  the  supposition. 

This  discovery  soon  excited  the  attention  of  all  the  philo- 
sophers in  Europe,  and  a variety  of  opinions  were  formed  and 
unhesitatingly  expressed,  by  those  who  preferred  prejudice  to 
truth.  To  Pascal,  whose  active  mind  was  immediately  roused 
by  the  report  of  this  important,  we  might  say  brilliant,  dis- 
covery, we  are  indebted  for  an  extremely  original  experiment. 
This  philosopher  at  once  perceived  that  if  the  suspension  of  the 
mercury  in  the  tube  was  due  to  the  pressure  of  the  atmosphere, 
the  column  ought  to  become  shorter  when  carried  to  a place  at 
some  considerable  elevation  above  the  level  of  the  sea,  for  it 
would  then  have  a less  column  of  air  to  support.  Perier,  the 
brother-in-law  to  Pascal,  was  engaged  to  try  the  experiment 
upon  the  top  of  the  Puy  de  Dome,  a lofty  volcanic  mountain  in 
Auvergne,  and  he  found  that  the  mercury  continued  to  descend 
as  the  height  to  which  it  was  carried  increased.  In  this  way 
the  Torricellian  principle  was  confirmed,-  the  barometer  dis- 
covered, and  the  action  of  the  pump  ascertained. 

It  was  afterwards  discovered  that  the  mercury  rose  and  fell, 
within  a small  space,  even  when  its  elevation  was  unchanged, 
and  that  it  was  affected  by  the  varying  conditions  of  the  atmo- 
sphere. It  then  came  into  use  as  an  atmospheric  prognosticator, 
and  is  still  employed  as  a measure  of  atmospheric  pressure,  and 
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as  the  foreteller  of  meteoric  changes,  though  not  always  upon 
the  most  scientific  principles. 

The  barometer  in  common  use  is  that  invented  by  Dr.  Hook, 
and  as  its  construction  is  not  perhaps  so  generally  known  as 
its  external  appearance,  it  may  be  desirable  to  give  a de- 
scription of  it.  It  consists  of  a glass  tube 
containing  mercury,  the  upper  end  being 
expanded  into  a small  globule,  the  lower 
turned  upwards  to  the  height  of  two 
or  three  inches.  The  column  of  mercury 
in  the  tube  is  supported  by  the  pressure  of 
tlte  column  of  air  resting  upon  the  open 
end  of  the  tube,  and  upon  the  surface  of 
the  mercury  is  placed  a glass  float,  to 
which  is  attached  a string  passing  over  a 
pulley,  and  balanced  by  a weight.  As  the 
weight  moves  up  and  down,  it  turns  the 
pulley,  to  which  is  attached  a hand  or 
index  that  points  out  upon  a graduated 
circle  the  exact  amount  of  change  in  the 
altitude  of  the  mercurial  column,  which 
it  does  with  extreme  accuracy. 

Pascal’s  experiment  can  scarcely  fail  to 
suggest  the  use  of  the  barometer  to  mea- 
sure heights,  and  it  has  consequently  been 
hook’s  babombtbh,  employed  by  philosophers  for  that  purpose. 
At  first  considerable  difficulties  stood  in  the  way,  and  many 
errors,  for  which  the  observers  could  not  account,  were  observed 
in  the  results  of  the  experiments.  De  Luc  afterwards  dis- 
covered that  the  greater  number  of  these  might  be  traced  to  the 
circumstance  of  not  considering  the  comparative  expansions  of 
mercury  and  of  air ; for  a temperature  which  would  greatly 
expand  the  latter  would  have  no  influence  whatever  on  the 
former. 

If  the  density  of  the  atmosphere  were  uniform,  nothing 
could  be  more  simple  than  the  measurement  of  heights  by  the 
barometer.  It  has  been  found  by  experiment  that  when  the 
thermometer  is  32°  Fahrenheit,  and  the  mercury  of  the  baro- 
meter stands  at  thirty  inches,  it  falls  about  one-tenth  of  an 
inch  if  carried  to  the  height  of  eighty-seven  feet.  Now  if  the 
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density  were  equal  throughout  it  would  only  he  necessary  to 

multiply  eighty-seven  by  the 
number  of  tenths  of  an  inch 
that  the  mercury  fell,  and  we 
should  have  the  height  in  feet. 
But  the  density  of  the  atmo- 
sphere is  not  uniform,  and  con- 
sequently the  difficulty  of  the 
problem  is  increased.  So  neces- 
sary, however,  was  it  that  this 
method  of  measurement  should 
be  rendered  available,  that  it 
received  the  attention  of  many 
eminent  philosophers ; and  the 
traveller,  with  the  assistance  of 
the  tables  that  have  been  pre- 
pared, can  now  determine  the 
height  of  a place  above  the  level 
of  the  sea,  by  the  barometer,  as 
accurately  as  its  horizontal  dis- 
tance from  any  fixed  point,  by 
the  ordinary  rules  of  trigono- 
metry. 

The  experiment  performed 
upon  the  Puy  de  Dome,  under 
the  direction  of  Pascal,  may  be 
readily  made  by  any  person  who 
possesses  an  air-pump  and  the 
usual  pneumatic  apparatus.  If 
a barometer  tube,  not  less  than 
thirty  inches  in  length,  be  filled 
with  mercury,  and  inverted  in  a 
cup  containing  the  same  metal, 
the  fluid  contained  in  the  tube  will  immediately  fall  to  such  a 
height  as  to  balance  exactly  the  pressure  of  a column  of  atmo- 
spheric air.  But  let  the  cup  in  which  the  mercury  tube  is 
placed  be  put  under  the  receiver  of  an  air-pump,  and  as  the 
process  of  exhaustion  goes  on,  the  mercurial  column  will  de- 
crease in  height ; and  could  a perfect  vacuum  be  produced,  the 
mercury  contained  in  the  tube  would  be  entirely  discharged 
into  the  cup. 
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The  pressure  of  the  atmosphere  upon  the  surface  of  the  eartli, 
and  on  all  bodies,  is  not  an  unimportant  piinciple  in  its  direct 
influence  upon  organic  structures,  and  in  the  provisions  which 
are  necessary  for  the  supply  of  the  wants  of  man  in  particular. 

The  earth  is  essentially,  in  its  structure  and 
natural  condition,  the  intended  abode  of  organ- 
ised beings,  and  there  is  perhaps  no  law  of 
matter,  or  provision  for  the  return  of  particular 
phenomena,  that  has  not  a more  or  less  direct 
^ influence  upon  the  wants  and  happiness  of  animal 
§ being.  An  average-sized  man  sustains  a pres- 
o sure,  from  without,  of  about  fourteen  tons  ; and 
so  far  from  oppressing  him  it  is  absolutely  neces- 
a sary  to  his  existence,  for,  by  resisting  the  out- 
g ward  pressure  of  the  fluids  in  the  body,  it  pre- 
M vents  the  vessels  that  contain  them  from  disten- 
H sion  or  bursting.  Count  Zambeccari  ascended, 
= in  1783,  to  so  great  a height  in  a balloon,  and 
came  into  so  rarefied  an  atmosphere,  that  his 
hands  and  feet  were  much  swollen.  Some 
travellers  have  suffered  under  a violent  bleeding 
of  the  nose  when  they  have  approached  the  sum- 
mit of  very  high  mountains,  and  ail  experience 
:e  from  the  feeling  of  distension.  We  are  not 
conscious  of  the  weight  that  we  sustain,  because  it  is  acting  on 
all  parts  of  the  body,  and  if  it  were  not  so  we  should  be 
crushed  under  the  burden  we  now  unconsciously  sustain.  A 
man  holds  out  his  hand  and  does  not  know  that  it  is,  as  it  were, 
supporting  some  hundred  pounds  of  gas ; but  let  him  place  the 
palm  of  his  hand  upon  an  open  receiver,  and  a part  of  the  air 
that  it  contains  be  taken  away,  and  he  immediately  becomes 
conscious  of  an  oppressive  force  on  the  back  of  the  hand,  for 
that  which  before  supported  or  resisted  the  downward  pressure 
is  removed. 

It  will  not  now  appear  strange  that  we  are  extremely  sensible, 
and  particularly  those  who  have  weak  or  nervous  constitutions, 
of  atmospheric  changes.  Some  persons  have  asserted  that  the 
animal  body  is  not  under  the  influence  of  external  causes ; but 
not  to  refer  to  the  habits  of  many  animals  at  the  time  of  meteoric 
changes,  and  the  diseases  that  are  floated  from  region  to  region 
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on  the  wings  of  the  wind,  observe  the  countenances  of  men,  and 
are  they  not  unfailing  barometers  ? Or,  let  us  examine  our  own 
feelings.  We  feel  braced  and  strengthened  by  the  cool  and  dry 
atmosphere  of  a fine  morning  in  spring,  and  are  enervated  and 
depressed  by  the  wet  and  murky  air  of  a dull  day  in  winter. 
These  effects  are  no  doubt  to  be  traced  in  some  degree  to 
electrical  changes,  but  also  in  part  to  the  alteration  of  atmo- 
spheric pressure  ; and  when  we  consider  that  in  the  course  of  a 
few  hours  it  may  vary,  upon  a human  body,  as  much  as  half- 
a-ton,  we  shall  not  be  surprised  at  the  results  which  follow. 

Vegetable  structures  are,  of  course,  as  much  indebted  to  the 
external  pressure  of  the  air  as  animal  bodies;  for,  if  it  were 
removed,  their  vessels  would  be  unable  to  contain  the  fluids 
which  circulate  in  them.  If  we  place  a withered  apple  under 
the  receiver  of  an'air-pump  and  abstract  the  air,  it  will  first  of 
all  swell  out  to  its  natural  bulk,  as  when  newly  gathered  from 
the  tree,  and  its  exterior  covering  will  then  burst  and  its  juices 
escape.  The  same  result  would  follow  the  withdrawing  of  that 
conservative  principle  of  nature,  atmospheric  pressure. 

The  pressure  of  the  air  serves  another  important  purpose,  in 
preventing  liquids  from  boiling  at  very  low  temperatures.  It  is 
a well  known  fact  that  water  boils  on  high  mountains  when 
its  sensible  heat  is  lower  than  that  required  to  produce  ebulli- 
tion at  the  level  of  the  sea  ; and  it  does  so,  because  it  sustains  a 
less  pressure.  Water  must  be  raised  to  a temperature  of  212® 
before  it  will  boil,  if  the  experiment  be  made  at  ordinary 
elevations,  but  at  the  top  of  Mont  Blanc  it  was  found  to  boil  at 
189°.  Dr.  Franklin  invented  a very  pretty  instrument,  called 
a pulse-glass,  to  show  that  liquids  boil  at  very  inferior  tempe- 
ratures when  deprived  of  atmospheric  pressure.  It  consists  of 
an  exhausted  glass  tube,  with  a bulb  at  each  end,  and  contains 
a small  quantity  of  spirits  of  wine.  If  one  of  the  bulbs  con- 
taining the  fluid  he  held  in  the  palm  of  the  hand,  the  instru- 
ment having  a rather  sloping  position,  the  heat  of  the  hand  will 
be  sufficient  to  make  the  spirit  boil,  and  the  vapour  thrown  off 
will  be  condensed  at  the  opposite  end.  Now  if  there  were  no 
atmospheric  pressure,  many  fluids  which  are  now  liquids  would 
be  vaporised  at  common  temperatures,  and  the  boiling  points  of 
others  would  be  so  much  reduced,  that  a very  slight  increase  of 
sensible  heat  would  cause  them  to  assume  the  vaporous  state. 
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EXTENT  OF  THE  ATMOSPHERE. 

Having  explained  Ihe  chemical  constitution,  and  illustrated 
the  physical  properties  of  atmospheric  air,  as  well  as  its 
influence  in  the  mass  upon  the  general  constitution  of  matter, 
and  organised  bodies  in  particular,  we  may  proceed  to  enquire 
into  the  probable  height  to  which  the  atmosphere  extends.  It 
has  been  already  stated,  that  the  pressure  of  the  atmosphere 
decreases  according  to  the  increased  elevation  above  the  level  of 
the  sea.  This  decrease  of  density  for  equal  ascents  is  in  geome- 
trical progression  ; that  is  to  say,  at  an  elevation  of  three  miles, 
the  density  would  be  only  one  half  what  it  is  at  the  sea  shore ; 
at  six  miles  one-fourth  ; at  nine  miles  one-eighth  ; so  that  at 
the  height  of  fifteen  miles  the  pressure  of  the  superincumbent 
air  would  not  support  a column  of  mercury  of  more  than  one 
inch.  It  is  evident,  therefore,  that  the  greater  portion  of  the 
atmosphere  is  within  fifteen  miles  of  the  earth’s  surface,  and  yet 
it  is  supposed,  and  it  may  be  considered  as  satisfactorily  deter- 
mined, that  the  atmosphere  extends  to  a height  of  more  than 
forty-five  miles. 

Some  persons  have  imagined  that  the  atmosphere  has  no 
limit,  but  is  spread  in  a state  of  extreme  rarefaction  through 
all  space.  Now  if  space  were  filled  with  an  atmosphere, 
however  great  its  rarity,  the  planets  would  have  atmospheres  ; 
for  these  bodies  would  accumulate,  by  their  attractive  power, 
a portion  of  the  fluid  medium  around  them,  which  would 
increase  in  density  with  its  proximity  to  their  surfaces.  But  it 
does  appear  that  some  planets  have  no  atmosphere,  and  there- 
fore, that  which  surrounds  the  earth  does  not  extend  through 
space. 

But  this  supposition  may  be  objected  to  on  another  ground, 
as  opposed  to  the  known  influence  of  the  forces  by  which 
matter  is  governed.  As  the  density  of  the  atmosphere  decreases 
with  its  height  above  the  surface  of  the  earth,  on  account  of  a 
diminution  of  pressure,  there  must  be  some  point  where  the 
elasticity  of  the  air  and  the  force  of  gravity  are  equal,  and 
there  the  atmosphere  must  terminate. 

Another  argument  in  proof  of  the  limitation  of  the  atmosphere 
might  be  adduced  from  a consideration  of  the  elementary  consti- 
tution of  matter.  Substances  are  combinations  of  ultimate 
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particles,  united  in  definite  proportions.  The  atmosphere  must 
therefore  have  a limit,  and  that  is  a stratum  of  ultimate  par- 
ticles, beyond  which  it  cannot  be  supposed  to  extend  without 
investing  it  with  hypothetical  properties. 

As  we  know  the  pressure  exerted  by  a column  of  atmospheric 
air,  we  have  a datum  by  which  to  calculate  its  extent.  If  the 
density  were  the  same  throughout,  this  would  be  an  extremely 
simple  problem  ; for,  by  ascertaining  the  weight  of  a column  of 
air  of  any  dimensions,  and  the  height  of  a column  of  water  of 
the  same  dimensions,  we  might,  by  a simple  equation,  discover 
the  height  of  the  atmosphere.  But  as  the  rarefaction  increases 
with  the  altitude,  it  is  a somewhat  complex  and  difficult  pro- 
blem to  ascertain  its  height.  This  may,  however,  be  approxi- 
mately determined  by  another  method.  It  is  generally  known 
that  twilight  is  a phenomenon  resulting  from  the  refraction  and 
reflection  of  solar  light,  after  the  luminary  has  descended  bek>w 
the  horizon.  Now,  from  calculations  made  by  Dr.  Wollaston, 
founded  upon  the  known  law  of  decreasing  density,  it  is  certain 
that  at  the  height  of  about  forty  or  forty  -five  miles  the  atmo- 
sphere does  exist,  and  in  such  a state  that  it  influences  the 
direction  of  light.  If  we  calculate  its  extension  by  the  length 
of  our  twilight,  we  shall  be  brought  to  nearly  the  same  result. 
It  is  also  found  capable  of  conveying  sound  at  the  height  of 
sixty-nine  miles.  And,  although  it  is  almost  impossible  to  say 
in  respect  to  the  atmosphere,  thus  far  it  extends  and  no  farther, 
yet  there  are  methods  by  which  it  is  possible  to  acquaint  our- 
selves with  its  existence  and  conditions  within  certain  limits. 

ADAPTATION  OF  THE  ATMOSPHERE  TO  ANIMALS. 

In  the  consideration  of  the  principles  and  phenomena  to  which 
we  have  referred,  we  are  especially  interested  by  their  adapt- 
ation to  the  physical  or  intellectual  wants  of  animals.  The 
senses  are  as  capable  of  becoming  the  media  of  painful  as  of 
pleasurable  sensations ; and  nothing  but  an  admirable  application 
of  external  agencies  preserves  us  from  those  violations  of  sensi- 
bility to  which  our  constitution  renders  us  liable.  The  very 
capabilities  of  enjoyment  that  are  possessed  by  man,  and  inferior 
creatures,  would  have  acted  as  a curse,  had  not  external  nature 
been  in  concord  with  them.  Instead  of  the  elastic  and  enlivened 
feeling  with  wliich  we  now  look  upon  the  face  of  nature,  it 
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might  have  been  the  source  of  constant  annoyance ; and  thus 
the  very  capabilities  by  which  man  is  distinguished  might  have 
become  the  increasing  causes  of  pain  and  discomfiture.  But 
by  the  arrangements  which  the  Creator  has  adopted,  man  is  not 
only  ordained  to  live,  but  to  live  surrounded  with  available 
pleasures,  and  double  blessings  are  weaved  with  his  heaviest 
toil — those  of  the  intellect  and  those  of  the  senses.  He  sows 
and  he  plants  for  the  relief  of  his  wants,  but  he  has  an  intellec- 
tual pleasure  in  watching  and  in  accounting  for  the  results, 
while  the  foliage  and  the  blossom  accord  with  his  sensations  of 
beauty,  and  the  fruit  is  pleasant  to  his  taste.  These  are  the 
results  of  a symmetry  in  design : and  we  can  scarcely  conceive 
how  great  a disorder  and  disproportion  would  be  produced  by 
an  alteration  in  one  great  principle,  such,  for  instance,  as  the 
constitution  of  the  atmosphere. 

Allusion  has  already  been  made  to  the  fitness  of  the  atmo- 
sphere for  the  conveyance  of  light  to  the  eye,  which  is  not  only 
iiccessary  for  the  production  of  those  pleasurable  sensations 
which  external  nature  is  capable  of  atfording,  but  also  that  the 
animal  may  be  able  to  obtain  its  food,  and  preserve  itself  from 
those  foes  or  dangers  to  Avhich  it  may  be  especially  exposed.  It 
is  quite  true  that  animals  have  been  provided  with  peculiarities 
in  the  formation  of  the  eye,  so  as  to  enable  them  to  fulfil  the 
especial  object  of  their  creation;  but,  whatever  may  be  the 
nature  of  these  peculiarities,  there  are  external  adaptations 
suited  to  them  all,  and  they  are  but  particular  illustrations  of 
the  same  general  principle.  We  may  be  chargeable  with 
digression  in  so  doing,  but  it  is  almost  impossible  to  deny  our- 
selves the  pleasure  of  selecting  an  example.  Take  the  vulture 
as  the  type  of  the  whole  class  of  animals  to  which  it  belongs, 
and,  from  what  we  know  of  its  habits,  we  may  expect  it  to  have 
a peculiarly  constituted  vision.  From  its  habitual  residence  in 
regions  very  far  above  the  surface  of  the  earth,  it  is  necessary 
that  it  should  have  the  power  of  seeing  objects  at  a great  dis- 
tance ; and,  as  the  distance  between  the  point  of  the  beak  and  the 
eye  is  small,  it  should  also  have  the  capability  of  seeing  objects 
that  are  near.  Both  these  powers  it  possesses  in  a most  remark- 
able degree,  being  not  only  able  to  choose  the  part  of  the  carcass 
upon  which  it  will  feed,  but  also  to  descend  upon  it,  from  a 
height  at  which  the  bird  itself  is  scarcely  visible  to  the  human 
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eye.  It  has,  therefore,  been  furnished  with  a peculiarly  con- 
structed eye,  and  such  a capability  of  adjustment,  that  it  can 
adapt  it  to  any  distance  that  may  be  required.  But  the  eye, 
however  admirably  formed,  would  be  perfectly  useless  were 
there  not  some  medium  by  which  the  light  could  be  conducted 
to  it  with  a proper  intensity. 

AIR  A CONDUCTOR  OF  SOUND. 

There  is  yet  another  adaptation  of  the  atmosphere  to  the 
wants  of  man  that  deserves  notice.  Air  is  a conductor  of  sound. 
The  sense  of  hearing  is  not  so  excursive  as  that  of  sight,  but  it 
is  highly  important  to  animals,  as  affording  a lively  gratification, 
a means  of  detecting  approaching  dangei’,  and  a capability  of 
communicating  thought  and  feeling.  It  is  by  habit  that  we 
obtain  the  power  of  distinguishing  places  and  things  by  sound, 
a capability  that  is  acquired  by  animals  as  well  as  by  men. 
This  is  no  mean  acquisition  to  beings  who,  by  reason  of  their 
power  of  locomotion,  have  many  more  chances  of  destruction  or 
injury,  than  those  which  are  almost  or  entirely  fixed  to  the  same 
spot.  It  is  not  a mere  speculative  opinion,  but  the  result  of 
constant  observation,  that  the  quickness  of  sensation,  whether 
of  hearing,  seeing,  or  otherwise,  is  proportioned  to  the  wants 
and  enemies  of  the  animal ; but  of  all  the  senses  seeing  and 
hearing  are  the  most  important,  for  the  independent  preserva- 
tion of  life  ; and  if  that  of  sight  be  the  most  universal,  that  of 
hearing  is  best  able  to  supply  its  place. 

Three  things  are  necessary  for  the  production  of  the  sensation 
of  sound  : a sounding  body,  an  organ  of  hearing,  and  a medium 
by  which  the  sound  may  be  transmitted  from  one  to  the  other. 
It  is  to  the  latter  that  our  attention  is  particularly  directed. 
Air  is  the  ordinary  but  not  the  only  conductor  of  sound. 
Hauksbee  discovered  that  in  a vacuum  no  sound  could  be 
produced : for  having  suspended  a bell  in  the  receiver  of  an  air- 
pump,  he  found  that  the  sound  became  less  and  less  intense  as 
the  air  was  rarefied,  and  was  at  last  altogether  inappreciable. 
But,  on  the  other  hand,  when  air  is  condensed  into  a receiver, 
the  intensity  of  the  sound  is  greater  than  in  air  having  that 
density  usual  upon  the  surface  of  the  earth, — a circumstance 
well  known  to  those  who  have  descended  in  a diving-bell. 

These  facts  will  explain  a phenomenon  familiar  to  those 
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who  have  visited  mountainous  regions.  In  consequence  of  tlie 
increasing  rarefaction  of  the  atmosphere,  above  the  surface  of 
the  earth,  sound  must  necessarily,  if  the  statements  just  made 
be  true,  become  less  intense  in  proportion  to  the  elevation  above 
the  level  of  the  ocean.  Saussure  relates  that  a pistol  fired  upon 
the  summit  of  Mont  Blanc  produced  a report  not  louder  than 
that  of  a cracker  exploded  at  the  base  of  the  mountain.  The 
solitude  and  siLmce  of  mountains  is  indeed  so  well  known 
that  it  has  become  proverbial,  and  the  destitution  of  animal 
life  is  not  in  itself  sufficient  to  account  for  the  phenomenon. 

Although  the  intensity  of  sound  is  diminished  by  the  rare- 
faction of  the  medium,  sound  is  conducted  at  heights  beyond 
that  which  has  been  supposed  the  limit  of  the  atmosphere.  The 
sound  produced  by  the  explosion  of  the  meteor  of  1719  was  like 
that  of  a large  cannon,  although  it  was  at  an  elevation  of 
sixty-nine  miles.  The  great  meteor  of  1783,  which  was  said  to 
be  half  a mile  in  diameter,  and  to  move  with  a velocity  of 
twenty  miles  in  a second,  produced  a distinct  rumbling  sound, 
although  it  was  at  the  height  of  fifty  miles  at  the  time  of 
explosion.  These  facts  prove  that  sound  may  be  conducted 
by  an  elastic  fluid,  even  when  in  a state  of  great  tenuity,  as  it 
must  be  at  these  heights  ; and  we  may  also  leam  from  them 
that  there  is  such  a fluid  beyond  that  limit  at  which  the  atmo- 
sphere has  the  power  of  refracting  light. 

The  intensity  of  sound,  and  the  distance  at  wliich  it  may  be 
heard,  are  considerably  influenced  by  the  state  of  the  atmo- 
sphere. Fogs,  rain,  and  snow  obstruct  the  passage  of  sound,  a 
circumstance  that  must  have  been  observed  by  every  one.  A 
clear,  cold  atmosphere  is  favourable  to  the  ready  and  perfect 
conduction  of  sound,  and  especially  when  it  is  carried  over  the 
surface  of  water  or  ice.  We  remember  to  have  frequently 
listened,  in  a cold  winter’s  evening,  to  military  music,  the  tones 
of  which  were  softly  borne  over  the  quiet  waters  from  a dis- 
tance. Sounds  are  also  more  audible  by  night  than  by  day. 
It  is  true  that  the  silence  which  universally  prevails  during 
the  night  may  render  us  more  sensible  to  feeble  sounds 
than  during  the  bustle  and  animation  of  the  day,  but 
there  is  another  reason  for  this  phenomenon.  At  night 
there  is  a greater  uniformity  in  the  temperature  and  density 
of  the  atmosphere ; for  all  the  ascending  heated  currents 
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of  the  air  which  result  from  the  action  of  the  sun’s  rays 
cease  with  the  activity  of  the  agent  that  gave  them  birth.  An 
irregular  medium  has  a great  effect  in  obstructing  and  stifling 
sound,  and  consequently  sounds  are  conducted  with  more  faci- 
lity at  night,  than  when  the  sun  is  above  the  horizon. 

Sounds  have  been  sometimes  heard  at  very  great  dis- 
tances. Lieutenant  Foster  states  that  he  has  conversed 
with  a man  across  the  harbour  of  Port  Bowen,  in  the  North 
Sea,  at  the  distance  of  a mile  and  a quarter.  Guns  fired 
at  Carlscroon  were,  according  to  Derham,  heard  across  the 
southern  extremity  of  Sweden  as  far  as  Denmark.  But  the 
most  remarkable  instance  with  which  we  are  acquainted  is  that 
recoi’ded  by  Sir  Stamford  Raffles,  who  informs  us  that  the  noise 
w'hich  attended  the  great  eruption  of  Tomboro,  in  1815,  was 
heard  at  Sumatra,  a distance  of  970  miles. 

Many  experiments  have  been  made,  at  various  times,  and  in 
different  parts  of  the  world,  upon  the  velocity  of  sound  in  air. 
The  results  obtained  by  the  early  experimenters,  however, 
were  all  more  or  less  inaccurate,  for  want  of  instruments  suffi- 
ciently correct  to  measure  the  time  that  elapsed  between  the 
production  of  a sound,  and  its  effect  upon  a person  at  a dis- 
tance. Another  cause  of  error  was  an  inattention  to  the  in- 
fluence of  the  wind ; for  it  is  quite  evident  that  sound  must 
be  transmitted  with  a diminished  velocity,  when  the  wind  is 
blowing  in  a contrary  direction  to  that  in  which  the  sound  is 
heard ; and  when  the  wind  is  blowing  in  the  same  direction, 
its  velocity  must  be  increased. 

Modern  philosophers  have  avoided  both  these  sources  of 
error ; for,  possessing  accurate  instruments,  they  have  either 
chosen  a time  when  the  air  was  at  rest,  or  have  caused  the 
sound  to  be  transmitted  in  a direction  at  right  angles  to  that  of 
the  wind. 

But  the  chief  difficulty  is,  to  ascertain  the  exact  measure  of 
the  interval  of  time  required  for  the  transmission  of  sound 
from  one  place  to  another.  The  most  accurate  experiments 
that  have  been  made  are  those  of  Moll  and  Vanbeck,  in 
1822,  and  those  of  the  French  academicians  in  the  same 
year.  In  the  experiments  made  by  the  Dutch  philosophers, 
a deck  was  used,  so  constructed  that  its  index  could  be  at 
any  time  stopped,  without  stopping  the  machinery.  By  this 
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instrument  time  could  be  measured  to  the  one-hundredth  part  of 
a second.  The  French  used  a watch  of  a very  ingenious  con- 
struction. It  was  furnished  with  two  hands  like  a common 
watch,  but  one  of  them  performed  a revolution  every  second, 
and  might  be  made  to  touch  the  dial-plate  at  any  time  with- 
out stopping,  and  being  supplied  with  a kind  of  dotting-pen, 
furnished  with  printer’s  ink,  left  an  impression  to  be  read  off 
at  leisure. 

By  these  experiments  it  was  discovered  that,  when  air  is  dry, 
and  at  the  freezing  temperature,  it  will  conduct  sound  at  the 
rate  of  1090  feet  in  a second. 

Other  gases  have  the  property  of  conducting  sound,  but  they 
do  so  with  different  velocities,  and,  what  is  still  more  singular, 
the  intensity  also  varies  with  the  medium.  In  hydrogen  gas 
the  sound  is  almost  destroyed;  in  carbonic  acid  and  oxy- 
gen it  is  louder  than  in  air.  ’When  hydrogen  is  breathed, 
which  it  may  be  for  a short  time,  though  not  without  danger, 
the  voice  is  enfeebled  but  shrill.  When  an  equal  quantity  of 
this  gas  and  of  common  air  are  mixed  together,  the  intensity  of 
a sound  is  not  greater  than  it  would  be  in  a receiver,  the  con- 
tained air  having  not  more  than  half  its  common  density.  This 
circumstance  arises  from  the  great  difference  in  the  velocity  of 
sound  in  the  two  gases.  One  propagates  it  more  rapidly  than 
the  other,  and  as  the  particles  of  both  are  diffused  throughout 
the  whole  space,  the  sound  is  hindered  and  stilled  in  the  same 
manner  as  by  aqueous  vapour  diffused  through  the  atmosphere 
during  a fog.  But  atmospheric  air  is  itself  a mixed  gas,  yet 
the  velocities  with  which  sounds  are  conducted  in  them  are  so 
nearly  alike  that  little  or  no  obstruction  is  produced.  This 
fact  gives  us  a new  and  very  interesting  proof  of  the  adaptation 
of  the  atmosphere  to  the  wants  of  animated  beings. 

It  must  not  be  imagined,  from  the  foregoing  remarks,  that  an 
elastic  fluidity  is  essentially  necessary  for  the  proper  conduction 
of  sound.  Both  liquids  and  solids  possess  this  power,  though 
in  a variable  degree.  It  has  been  proved,  by  many  experi- 
ments, that  sound  is  conducted  by  water.  Fishes  certainly 
possess  the  sense  of  hearing,  and  divers  have  an  acute  impres- 
sion of  sounds  produced  in  water,  although  they  are,  when 
excited  in  the  atmosphere,  enfeebled  by  their  passage  into  a 
new  medium.  From  the  experiments  made  by  M.  CoUadon 

F 2 


68 


ECHOES. 


on  the  velocity  of  sound  in  water,  it  appears  to  travel  at  the 
rate  of  4708  feet  in  a second.  All  elastic  solid  bodies,  also, 
such  as  glass,  steel,  and  the  metallic  alloys,  are  good  con- 
ductors. It  is,  however,  necessary  that  the  conducting  body 
should  be  homogeneous,  or  the  sound  will  be  deadened : and 
it  is  equally  important  that  it  should  be  uninterrupted. 

The  manner  in  which  sound  is  conducted  from  the  sonorous 
body  to  the  ear  cannot  be  perfectly  understood,  without  refer- 
ence to  a mathematical  reasoning,  which  would  be  obviously 
unfit  for  these  pages.  W e may,  however,  convey  some  idea  of 
the  means  by  a brief  verbal  description.  When  a body  is  in 
the  act  of  sounding,  it  is  observed  to  be  in  a state  of  vibration. 
A string  may  be  seen  to  vibrate  from  one  side  to  the  other,  and 
the  vibration  of  bodies,  when  not  seen,  may  be  frequently  felt. 
These  vibrations  are  communicated  to  the  air,  and  by  it  con- 
veyed to  the  ear.  But  every  vibratory  motion  produced  in  the 
air  is  not  the  source  of  sound,  it  must  be  occasioned  by  an 
elastic  substance.  Newton  was  the  first  who  investigated  the 
process  by  which  these  vibrations  are  produced,  that  is  to 
say,  the  alternate  condensation  and  rarefaction  of  the  air  in 
contact  with,  the  vibrating  body.  We  may  conceive  the  effect 
produced  on  the  air  as  resembling  that  which  is  occasioned  by 
throwing  a pebble  into  still  water. 

Whenever  a sound  is  conveyed  to  the  ear,  it  is  occasioned  by 
a vibration  produced  in  the  atmosphere.  But  a sound  may  be 
either  a noise,  or  a musical  note,  the  latter  being  the  result  of  a 
regularly  and  uniformly  repeated  succession  of  vibrations. 

ECHOES. 

The  circumstance  under  which  echoes  are  produced  is 
another  subject  of  inquiry  connected  with  the  atmosphere,  as 
a conductor  of  sound,  that  seems  worthy  of  notice  in  this  place. 
An  echo  is  produced  whenever  sound  meets  with  an  obstacle  of 
sufficient  regularity  to  reflect  it.  The  laws  by  which  the 
reflection  of  sound  is  governed  are  the  same  as  those  that  in- 
fluence light  under  similar  circumstances ; if  it  be  obstructed 
by  a plane  surface,  the  direction  will  be  reversed  ; if  by  a con- 
cave, the  sound  will  converge;  if  by  a convex,  it  will  diverge. 
A wall,  or  the  sides  and  ceiling  of  a room  or  public  building, 
may  occasion  echoes ; but  as  sound  travels  with  a great  velocity, 
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and  as  it  takes  no  perceptible  time  in  moving  from  one  part  of 
a room  to  another,  the  echo  is  so  blended  with  the  original 
sound,  that  they  produce  a simultaneous  impression.  In  large 
buildings,  however,  this  may  not  be  the  case,  and  then  the 
echo  becomes  a serious  inconvenience.  We  may  notice  one 
or  two  of  the  most  remarkable  instances  in  nature  and  in  art. 

On  the  banks  of  the  Rhine,  near  Lurley,  there  is  an  echo  that 
repeats  the  sound  several  times,  and  has  been  frequently  described 
by  travellers.  In  the  gallery  of  St.  Paul’s  Church,  London,  the 
faintest  whisper  is  conveyed  from  one  side  of  the  dome  to  the 
other.  The  tick  of  a watch  may  be  heard  from  one  end  to  the 
other  of  the  Abbey  of  St.  Alban’s;  and  in  Woodstock  Park, 
there  is  an  echo  that  repeats  seventeen  syllables  by  day,  and 
twenty  by  night.  In  the  cathedral  of  Girgenti,  in  Sicily,  there 
is  an  echo  by  which  a sound  is  conveyed  from  the  great  western 
door  to  the  comice  behind  the  altar.  The  confessional  happened 
to  be  placed  at  the  former,  and  some  over-curious  persons  re- 
sorted to  the  latter  for  news,  tUl,  by  some  mishap,  a listener 
once  heard  more  than  was  convenient,  by  which  the  secret 
became  known,  and  the  confessional  was  consequently  removed. 
At  the  sepulchre  of  Metella,  the  wife  of  Crassus,  there  was  an 
echo  that  repeated  five  times.  We  are  informed  by  Barthius, 
in  his  notes  on  Statius’s  “ Thcbais,”  that  on  the  banks  of  the 
Naha,  between  Coblentz  and  Bingen,  an  echo  repeats  the 
words  of  a man  seventeen  times ; and  although  the  repetition 
is  in  most  echoes  heard  after  the  word  or  note  of  the  person  who 
speaks  or  sings,  in  this  instance  the  repetitions  follow  the  origi- 
nal sound  so  rapidly  and  clearly,  with  such  varieties,  that  the 
voice  seems  to  be  lost  in  the  multitude  of  mimicry. 

In  times  when  men  were  less  interested  in  the  investigation 
of  the  causes  of  the  phenomena  they  heard  or  saw,  the  echo 
must  have  exceedingly  perplexed  them.  Were  we  permitted 
to  indulge  imagination,  it  would  not  be  difficult  to  picture  to 
ourselves  the  amazement  and  consternation  with  which  an  inha- 
bitant of  the  newly-peopled  earth  would  be  seized,  when  he  first 
heard  the  rocks  far  and  near  reiterating  the  broken  sentences 
that  escaped  from  his  lips,  as  he  wandered  alone  by  the  banks 
of  a river,  or  chased  the  deer  in  the  mountains.  There  is  much 
in  external  nature  calculated  to  awaken  that  consciousness  of 
invisible  power  which  resides  in  every  bosom  that  has  not  been 
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entirely  contaminated  by  vice.  The  Greeks,  whose  luxuriant 
imaginations  were  ever  active  in  the  personification  of  natural 
phenomena,  have  given  to  Echo  a place  among  the  gods.  The 
reader  will  recal  to  memory  her  history.  She  is  described  as 
the  daughter  of  Air  and  Tellus,  the  attendant  of  Juno,  and  the 
confidant  of  Jupiter.  Her  loquacity,  however,  displeased  the 
god,  and  she  was  so  far  deprived  of  speech  as  to  only  have  the 
power  of  reply  when  spoken  to.  Pan  was  once  her  admirer, 
but  never  enjoyed  her  smiles.  Narcissus  was  the  object  of  her 
choice,  but  he  despised  her,  and  she  pined  to  death,  though  her 
voice  is  still  heard  on  the  earth.  It  is  unnecessary  to  point  out 
the  aptness  and  beauty  of  this  personification. 

The  production  of  wind  is  another  important  inquiry  con- 
nected with  the  conditions  of  the  atmosphere ; but  as  it  is  a 
phenomenon  dependent  on  the  distribution  of  heat,  it  will  be 
better  explained  in  the  following  chapter. 


CHAPTER  IV. 


ATMOSPHERICAL  PHENOMENA  DEPENDENT  ON  THE 
DISTRIBUTION  OF  HEAT. 


Theories  of  Heat. — Dilatation  by  Heat  — PjTometer. — Thermometers. — Wind. — 
Trade-Winds. — Stoi-ms. — Latent  Heat. — Thaw. — Boiling  Point  — Evapora- 
tion.— Hygrometers. — Clouds. — Classification  of  Clouds. — Rain. — Snow. — 
Hail.— Dew. — Hoar  Frosts. — Mists. — Fogs. 

Modern  philosophers  have  thought  it  necessary  to  make  a 
distinction  in  terms  between  the  cause  and  effect  of  the  sensa- 
tion that  is  called  heat,  and  have  adopted  the  word  caloric  as 
the  name  of  the  agent.  To  our  readers,  this  refinement  in 
phraseology  is  a matter  of  little  importance.  The  difficulty 
of  ascertaining  the  nature  of  the  agent  is  not  lessened  by  the 
appropriation  of  a name.  Some  writers  consider  it  quite  un- 
necessary to  make  this  distinction  of  terms ; and  it  is  certainly 
not  more  necessary  to  separate  the  cause  and  effect  of  heat, 
than  of  light  or  electricity.  But  as  the  appropriate  use  of  the 
words  caloric  and  heat  may  sometimes  prevent  a confusion  or 
a circumlocution  of  expression,  we  shall  use  the  former  as 
expressive  of  the  agent  in  those  instances  where  there  might  be 
a want  of  precision  if  the  term  heat  were  employed. 

The  vai'ious  opinions  that  have  been  entertained  concerning 
the  nature  of  caloric  may  be  considered  under  two  general 
heads.  Some  persons  imagine  it  to  be  a material  agent  of  so 
great  tenuity  as  to  evade  our  observation,  its  existence  being 
proved  only  by  its  effects ; while  othei’s  consider  it  as  a pro- 
perty of  that  principle  called  motion.  We  are  not  among  those 
who  expect  to  ascertain  with  precision  the  elements  of  lieat, 
light,  electricity,  and  magnetism;  for  although  we  entertain 
an  opinion  that  they  are  modifications  of  the  same  agent,  yet 
it  is,  in  all  probability,  one  of  those  primarily  created  causes 
which  the  most  refined  analysis  and  the  most  careful  inquiry 
will  ever  fail  to  discover.  To  ascertain  the  variations  and 
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dependences  of  effects  is  within  the  reach  of  the  human  mind, 
but  the  cause  is  hidden  from  the  most  curious  gaze,  and  must 
ever  remain  the  secret  of  that  self-intelligent  Power  by  which 
it  was  brought  into  existence. 

Among  those  who  have  maintained  the  immateriality  of  heat, 
and  have  considered  it  a property  of  matter  producing  a vibra- 
tion among  its  particles,  we  may  mention  the  names  of  Bacon, 
Boyle,  Newton,  Davy,  and  Leslie.  The  theory  is  well  ex- 
pressed by  Bacon  : “ calor  est  motus  expansivus,  cohibitus,  et 
nitens  per  partes  minores.” 

In  favour  of  this  hypothesis  it  has  been  argued  that  as  caloric 
does  not  possess  weight,  and  is  not  under  the  guidance  of  those 
laws  which  govern  bodies  in  relation  to  the  conditions  of  motion 
and  rest,  so  it  cannot  be  a substance. 

The  opinions  of  Davy,  the  master  mind  that  remodelled  che- 
mistry, we  may  give  in  his  own  words : “ The  immediate  cause 
of  the  phenomenon  of  heat  is  motion  ; and  the  laws  of  its  com- 
munication are  precisely  the  same  as  the  laws  of  the  communi- 
cation of  motion.  Since  all  matter  may  be  made  to  fill  a 
smaller  volume  by  cooling,  it  is  evident  that  the  particles  of 
matter  must  have  space  between  them  ; and  since  every  body 
can  communicate  the  power  of  expansion  to  a body  of  a lower 
temperature  ; that  is,  can  give  an  expansive  motion  to  its  par- 
ticles, it  is  a probable  inference  that  its  own  particles  are  pos- 
sessed of  motion ; but  as  there  is  no  change  in  the  position  of 
its  parts,  as  long  as  its  temperature  is  uniform,  the  motion,  if  it 
exist,  must  be  a vibratory  or  an  undulatory  motion,  or  a motion 
of  the  particles  round  their  axes,  or  a motion  of  particles  round 
each  other. 

“It  seems  possible  to  account  for  the  phenomena  of  heat,  if 
it  be  supposed  that  in  solids  the  particles  are  in  a constant  state 
of  vibratory  motion,  the  particles  of  the  hottest  bodies  moving 
with  the  greatest  velocity,  and  through  the  greatest  space  : that 
in  liquids  and  elastic  fluids,  besides  the  vibratory  motion,  which 
must  be  conceived  greatest  in  the  last,  the  particles  have  a 
motion  round  their  own  axes,  with  different  velocities,  the  par- 
ticles of  elastic  fluids  moving  with  the  gi'eatest  quickness ; and 
that  in  ethereal  substances  the  particles  move  round  their  own 
axe  s,  and  separate  from  each  other,  penetrating  in  right  lines 
through  space.  Temperature  may  be  conceived  to  depend  upon 
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the  velocity  of  the  vibrations ; increase  of  capacity  on  the 
motion  being  performed  in  greater  spaces  ; and  the  diminution 
of  temperature,  during  the  conversion  of  solids  into  fluids  or 
gases,  may  be  explained  on  the  idea  of  the  loss  of  vibratory 
motion  in  consequence  of  the  revolution  of  particles  round  their 
axes,  at  the  moment  when  the  body  becomes  liquid  or  aeriform ; 
or  from  the  loss  of  rapidity  of  vibration,  in  consequence  of  the 
motion  of  the  particles  through  greater  space.  ” 

Those  who  maintain  the  materiality  of  caloric,  urge,  in  proof 
of  their  opinions,  that  substances  always  expand  by  an  increase 
of  temperature,  and  that  their  magnitude  can  only  be  increased 
by  the  actual  addition  of  new  matter ; that  is  to  say,  by  the 
particles  of  heat.  Having  no  predisposition  to  either  one  or 
the  other  of  the  theories  that  have  been  mentioned,  we  may  be 
permitted  to  remark  there  is  an  immeasurable  distance  between 
the  fact  and  the  deduction ; for  it  is  equally  easy  to  suppose  the 
principle,  caloric,  to  have  an  effect  in  increasing  the  expansive 
power  of  bodies,  and  thus  augmenting  their  volume. 

The  transmission  of  heat  through  a vacuum,  has  also  been 
considered  a proof  of  the  materiality  of  caloric  in  opposition  to 
Davy’s  hypothesis.  This  argument  cannot  be  admitted,  for  the 
statement  has  not  been  proved : a vacuum  cannot  be  formed, 
for  although  the  amount  of  elastic  fluid  contained  in  any  given 
space  may  be  decreased  by  artificial  means,  yet  it  is  impossible 
to  extract  it  entirely.  The  same  remark  applies  to  the  theory 
of  the  materiality  of  electricity,  and  might  be  extended  to 
light. 

When  governed  by  curiosity,  we  feel  some  anxiety  to  ascer- 
tain the  nature  of  the  agents  which  have  been  so  improperly 
called  the  imponderable  bodies.  But  we  do  not  know  how 
science  would  be  benefited  by  the  determination  of  the  ques- 
tion, or  what  practical  results  would  follow  from  the  discovery, 
except  that  many  given  to  speculation  might  be  better  employed, 
were  one  of  the  subjects  on  which  it  has  been  so  profusely 
dispensed,  thrown  out  of  the  catalogue  of  queries.  It  is  suffi- 
cient for  us  to  ascertain  the  effects  produced ; and,  however 
mortifying  it  may  be  to  the  man  who  prides  himself  on  the 
variety  of  his  learning  and  the  extent  of  his  investigations,  to 
confess  ignorance  of  all  the  great  secondary  causes  which  hold 
government  over  matter,  yet  it  is  desii-able  that  we  should 
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be  sensible  of  our  relation  to  Him  who  gave  all  things  birth. 
We  shall  not,  therefore,  dwell  upon  speculative  principles,  but 
proceed  to  make  a few  remarks  upon  those  laws  of  action  which 
have  an  influence  in  producing  or  modifying  the  phenomena 
which  we  witness  upon,  or  believe  to  be  produced  beneath,  the 
surface  of  the  earth. 


DILATATION  BY  HEAT. 

The  volume  of  bodies  generally  increases  with  the  tempera- 
ture. There  are,  however,  a few  exceptions  to  this  law.  Some 
metals,  for  example,  expand  at  the  instant  of  congelation ; and 
clay  contracts  with  the  addition  of  heat.  This  last  result,  how- 
ever, can  scarcely  be  considered  as  an  exception  to  the  law,  for 
it  is  the  liberation  of  the  water  which  is  combined  with  the 
clay  that  causes  it  to  contract. 

All  substances  have  not  the  same  increase  of  volume  with 
a certain  increase  of  temperature.  Gases  and  vapours  expand 
more  than  either  liquids  or  solids,  and  solids  less  than  liquids. 
Of  all  solid  bodies,  the  metals  are  most  expanded  by  heat, 
and  lead  is  more  su.sceptible  than  any  other  metal.  But  the  ex- 
pansion is  small  under  all  circumstances,  and  it  is  consequently 
difficult  to  construct  instruments  by  which  to  determine  the 
amount.  Lead,  for  instance,  only  expands  one  part  in  three 
hundred  and  fifty,  when  raised  from  the  temperature  of  melting 
ice  to  that  of  boiling  water.  But  this  is  not  the  only  practical 
difficulty,  for  a solid  expands  equally  in  every  direction  in  its 
breadth  and  width  as  well  as  length.  W e have,  however,  no 
means  of  measuring  an  increase  in  volume,  but  must  deduce 
the  expansion  of  the  whole  from  the  increase  in  one  direction. 
Another  difficulty  is,  that  an  equal  increase,  at  different  tem- 
peratures, does  not  produce  in  solids  the  same  expansive 
effects. 

To  prove  that  solid  bodies  do  expand  when  their  temperatures 
are  raised,  allusion  might  be  made  to  the  instances  in  which  the 
principle  is  applied  in  the  arts.  The  cooper  surrounds  his  casks 
with  iron  hoops  at  a red  heat,  in  order  that  they  may  bind  the 
tighter  ; and  the  smith  must  in  all  his  works  bear  in  mind  the 
same  result.  In  some  instances,  it  is  necessary  to  guard  very  care- 
fully against  those  errors  which  may  arise  from  the  dilatation  of 
metals,  and  especially  in  the  use  of  delicate  pliUojophical  instru- 


EFFECTS  OP  BEAT  UPON  THE  MASS  OF  THE  EARTH.  75 


merits.  The  astronomer  is  peculiarly  exposed  to  cn-oneous 
results  from  this  cause ; for  a ray  of  light,  a current  of  air,  or 
the  heat  of  the  hand,  may  be  sufficient  to  derange  an  observ- 
ation, and  to  increase  or  decrease  a distance  or  a diameter. 

This  effect  must  have  some  influence  upon  the  solid  mass  of 
the  earth  itself,  causing  it  to  expand  as  its  temperature  is  raised, 
and  to  contract  as  it  cools.  The  variation  of  temperature  on 
the  surface  is  too  small,  in  all  probability,  to  produce  any  effect 
of  importance  ; but  the  constant  decrease  of  internal  heat,  a fact 
recently  determined,  must  occasion  contractions  of  no  small 
amount ; and  it  is  probable  that  some  of  the  phenomena  wit- 
nessed on  the  surface  of  the  earth  may  be  attributed  to  this 
cause.  We  shall  not  attempt  to  defend  the  very  ingenious 
theory  of  volcanic  action  proposed  by  M.  Cordier,but  the  mention 
of  it  will  prove  the  importance  of  considering  the  expansion  of 
solids  by  heat,  and  their  consequent  contraction  in  cooling. 

As  the  result  of  experiment,  we  know  that  the  temperature 
of  the  interior  of  the  earth  increases  towards  the  centre,  and 
that  it  is  cooling  by  the  radiation  of  heat  from  the  surface. 
Admitting  these  facts,  it  is  easy  to  account  for  volcanoes,  and 
many  of  the  appearances  which  are  presented  by  the  several 
portions  of  the  mineral  crust.  But  there  are  many  ways  of 
applying  these  facts,  and  M.  Cordier  has  one  of  his  own.  This 
philosopher  accounts  for  volcanic  activity  upon  the  principle 
that  solids  contract  in  cooling ; and  if  it  be  supposed  that  an 
enormous  pressure  be  thus  produced  upon  a melted  mass  in  the 
interior,  by  the  external  refrigerating  mass,  the  intumescent  rocks 
might  be  forced  out.  In  this  way  M.  Cordier  explains  the 
ejection  of  lava. 

“At  Teneriffe,  in  1803,  I calculated,”  he  says,  “ as  nearly  as 
possible,  the  amount  of  matter  ejected  by  the  eruptions  of  1795 
and  1798.  I performed  the  same  calculation  in  respect  to  the 
products  of  two  eruptions,  yet  more  perfectly  isolated,  which 
exist  in  the  extinct  volcanoes  of  France;  to  wit,  in  1806,  those 
of  the  volcanoes  of  Murol  in  Auvergne ; and  in  1809,  those  ot 
the  volcano  of  Cherchemus,  near  Izarles,  at  Mezin.  I found 
the  volume  of  matter  in  each  eruption  to  be  much  less  than 
one  cubic  kilometre,  or  1,308,044,971  cubic  yards.  From  these 
data,  and  others  of  the  same  kind,  which  I have  obtained  at 
other  places,  I feel  justified  in  taking  the  volume  of  a cubic 
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kilometre  as  the  extreme  limits  of  the  product  of  eruptions  in 
general.  But  such  a mass  is  very  small  in  relation  to  the  whole 
earth.  Applied  to  its  surface,  it  would  form  a bed  which  would 
not  Be  l-500th  part  of  a milimetre  in  thickness.  More  defi- 
nitely, if  we  suppose  the  mean  thickness  of  the  crust  of  the 
earth  to  be  02. 1 miles,  a contraction,  of  this  envelope,  which 
would  shorten  the  mean  radius  of  the  central  mass  l-494th  of  a 
.milimetre  (l-12694th  of  an  inch),  would  be  sufficient  to  pro- 
duce the  matter  of  one  eruption. 

“ Proceeding  upon  these  data,  that  the  contraction  produces 
the  phenomenon  (of  volcanoes),  and  that  over  all  the  earth  five 
eruptions  takes  place  yearly,  we  shall  come  to  the  conclusion, 
that  the  difference  between  the  contraction  of  the  solid  crust 
of  the  earth  and  that  of  the  internal  mass,  would  not  shorten 
the  radius  of  that  mass  more  than  a milimetre  (.03937  of  an 
inch)  in  a century.” 

Whether  we  admit  the  accuracy  of  M.  Cordier’s  deductions 
or  not,  it  is  evident  that  the  same  force  which  causes  a bar  of 
iron  to  expand  when  heated,  and  contract  when  cooled,  must 
influence  all  solid  bodies  more  or  less,  and  may  possibly  occasion 
terrestrial  phenomena  of  the  most  violent  character. 

Many  instruments,  called  pyrometers,  have  been  invented  for 
the  measurement  of  the  dilatation  or  contraction  of  solid  bodies, 

when  their 
temperature 
is  changed. 
It  will  not  be 
necessary  to 
describe  more 
than  one  of 
these,  as  they 
FERGUSON'S  pxROMETER.  are  all  formed 

on  nearly  the  same  principle,  and  we  shall  select  that  in- 
vented by  the  celebrated  Ferguson,  whose  mechanical  genius 
has  been  rarely  excelled,  and  scarcely,  if  ever,  equalled. 
This  instrument  measures  the  expansion  to  l-45,000th  part  of 
an  inch.  It  consists  of  a mahogany  frame,  b c d,  attached  to  a 
disc,  divided  into  360  equal  parts,  the  central  bar  e being  capable 
of  motion,  and  of  communicating  that  motion  to  the  index.  A 
dilatation  of  this  bar,  equal  to  one  inch,  wiU  force  the  index 
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round  the  circle,  and  it  is  easy  to  calculate  the  amount  of 
expansion  by  the  angular  motion  of  the  index. 

The  central  bar  is  divided  into  two  pieces,  one  long  and  one 
short.  One  end  of  the  long  bar  f is  fitted  into  an  iron  plate  o, 
the  other  pressing  upon  the  end  of  tlie  short  bar  e,  at  the 
point  /.  When  heat  is  applied  to  the  bar  f,  its  expansion  acts 
upon  the  lever- formed  bar  e,  which  causes  the  revolution  of 
the  index. 

It  may  be  supposed,  from  what  has  been  stated,  that  liquids 
also  dilate  when  their  temperature  is  raised.  Liquidity  is  but 
the  state  of  transition  between  solids  and  gases,  and  most  sub- 
stances may  be  made  to  assume  either  the  one  or  the  other. 
But  all  liquids  have  not  the  same  degree  of  expansion  with 
the  same  increase  of  temperature,  a fact  which  may  be 
easily  proved  by  filling  three  equal  thermometer  tubes  to  the 
same  height  with  three  different  substances — mercury,  water, 
and  alcohol,  for  instance — and  plunging  them  into  water  heated 
to  about  160®  : the  degree  of  dilatation  will  be  very  different  in 
each. 

To  determine  the  dilatation  of  a liquid  is  a very  simple  ex- 
periment, though  the  method  to  which  we  refer  is  subject  to 
several  errors.  If  a thermometer  tube,  that  is,  a tube  hav- 
ing a bulb  at  one  end,  be  partly  filled  with  a liquid,  it  may 
be  submitted  to  any  degree  of  heat,  and  the  difference  of  level 
between  the  commencement  and  close  of  the  experiment  will 
give  the  dilatation.  But  in  making  this  experiment,  it  is  ne- 
cessary that  the  air  contained  in  the  liquid  and  the  tube  should 
be  first  expelled,  or  its  expansion  will  give  a false  result.  It 
must  also  be  remembered  that  liquids,  when  exposed  to  the 
atmosphere,  become  vapours  at  all  temperatures,  and  more 
abundantly  as  the  temperature  is  raised,  so  that  the  quantity 
of  the  liquid  will  be  diminished.  To  prevent  these  two  sources 
of  error,  the  tube  should  be  about  half  filled  with  water,  or 
any  other  liquid,  and  boiled  for  some  time,  to  expel  the  air, 
and  when  this  has  been  done  the  open  end  of  the  tube  should 
be  hermetically  sealed. 

Liquids  generally  have  a unifoim  expansion  or  contraction, 
except  when  the  temperatures  approach  those  degrees  at  which 
they  boil  and  freeze,  and  then  their  degree  of  dilatation  is 
changed.  Water  is  a most  remarkable  exception  to  this  law. 
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As  its  temperature  is  lowered  it  continues  to  contract,  until  it 
reaches  about  39°  of  Fahrenheit’s  thermometei',  and  then  the 
contraction  ceases ; but  when  its  temperature  is  lowered  to 
nearly  the  freezing  point  it  begins  to  expand,  and  continues 
to  do  so,  until  it  is  frozen. 

[This  curious  phenomenon  of  congealed  water  increasing  In 
bulk,  and  decreasing  in  specific  gravity,  notwithstanding  the 
lowness  of  its  temperature,  may  at  first  view  appear  paradox- 
ical; but  the  problem  is  of  easy  solution.  Ice  being  a crystal- 
lization composed  of  filaments,  which  are  found  to  be  uniformly 
at  an  angle  of  60°,  increases  in  bulk,  and  becomes  lighter  than 
water,  owing  to  the  air-bubbles  produced  while  freezing.  This 
is  of  considerable  importance  in  the  explanation  of  natural 
phenomena ; for  the  expansion  of  water,  when  in  the  act  of 
freezing,  must  in  many  cases  be  an  active  cause  in  the  destruc- 
tion of  rocks.  In  elevated  countries,  which  for  a portion  of 
the  year  are  covered  by  immense  bodies  of  ice,  fissures  are  filled 
with  water,  which,  when  congealed,  expand  so  violently  as  to 
rend  rocks  asunder.] 

There  are  several  interesting  experiments  by  which  the 
expansibility  of  gases  may  be  proved.  If  a flaccid  bladder  be 
held  to  a fire,  or  if  hot  water  be  poured  upon  it,  the  small 
quantity  of  air  it  contains  wdU  be  rarified,  and  the  bladder  will 
— be  inflated.  If  a glass  retort  be  held  over 
/ j a spirit  lamp,  the  open  end  being  immersed 
in  some  fluid,  large  bubbles  of  air  wUl  appear 
on  the  surface  of  the  liquid,  driven  out  by 
the  expansion ; but  as  the  vessel  cools  the 
clastic  force  of  the  air  will  decrease,  and 
the  liquid  rush  into  the  bulb,  showing 
EXPERIMENT  SHOWING  thc  umount  of  cxpunsion  in  the  enclosed 

KXPANSION  OF  GASES. 

The  expansion  of  gases  by  an  increase  of  temperature  is 
an  effect  productive  of  many  of  those  phenomena  which  are 
observed  in  the  atmosphere,  for  nearly  all  its  changes  are 
dependent  on  the  action  of  heat.  As  all  fluids  become  lighter 
w’hen  their  temperature  is  raised,  the  heated  particles  will 
always  rise  to  the  top,  and  the  coldest  sink  to  the  bottom,  so 
that  a mass  of  liquid  or  vapour  with  unequal  temperatures  will 
be  arranged  in  strata.  When  a spirit  lamp  is  placed  at  the 
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bottom  of  a vessel  containing  water,  or  any  other  liquid,  the 
particles  in  contact  with  the  bottom  will  be  heated,  expand, 
and  rise  to  the  surface,  while  the  colder  particles  descend : thus 
a series  of  currents,  some  upwards,  otliers  downwards,  will  be 
established  until  the  whole  mass  is  raised  to  the  boiling  tem- 
perature. It  would  be  impossible  to  raise  the  temperature  of 
a liquid  by  the  application  of  heat  to  its  surface.  That  which 
is  true  in  these  instances  in  regard  to  liquids,  is  also  true  in 
relatiori  to  gases.  The  atmosphere,  acted  upon  by  solar  heat,  is 
subject  to  innumerable  changes  as  the  result  of  expansion  and 
contraction.  Currents  of  heated  air  rise  from  the  surface,  in 
consequence  of  reflected  or  radiated  heat ; cold  currents  fall  and 
occupy  their  places.  In  one  region  the  surface  of  the  earth  is 
more  heated  than  another,  and  a stream  of  cold  air  rushes  from 
the  colder  regions  to  occupy  its  place ; and  by  such  processes  as 
these,  winds  and  hurricanes  are  produced. 

From  these  statements  it  will  be  evident,  that  the  expansion 
of  bodies  by  an  increased  temperature,  is  intimately  connected 
with  many  phenomena  which  are  witnessed  on  the  surface  of 
the  earth ; and  that  the  facts  to  which  we  have  briefly  alluded 
are  w'orthy  the  consideration  of  the  man  who  is  anxious 
to  acquaint  himself  with  the  phenomena  by  which  he  is 
surrounded.  But  there  is  an  instrument  to  which  we  shall 
have  frequent  occasion  to  refer,  as  the  means  by  which  many 
philosophical  principles  have  been  determined ; and  it  would  be 
impossible  to  describe  its  use,  or  the  principles  of  its  construc- 
tion, to  the  individual  who  was  not  acquainted  with  the 
general  laws  of  the  expansion  of  substances  by  an  alteration 
of  temperature.  It  would,  therefore,  be  possible  to  justify 
the  propriety  of  introducing  in  this  work  some  remarks  upon 
the  laws  which  govern  the  expansion  of  bodies,  if  there  were 
no  other  object  in  view  than  the  explanation  of  that  instrument — 
the  thermometer. 


THE  THERMOMETER. 

Almost  any  substance  might,  under  certain  conditions,  be 
employed  to  measure  temperatures.  Solids  and  gases,  however, 
would,  from  a casual  consideration,  appear  to  be  best  suited  for 
this  purpose,  as  they  are  more  uniform  in  then’  expansion  than 
liquids  ; but  this  deduction  is  not  found  to  be  practically  true. 
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The  expansion  of  solids  from  a rise  of  temperature  is  so  small  that 
they  cannot  be  employed  without  mechanical  contrivances,  and 
the  dilatation  of  gases  is  so  great,  that  their  use  is  attended  with 
much  practical  mconvenience,  when  adapted  to  the  measurement 
of  high  temperatures.  Liquids  are  best  suited  for  thermometers. 
But  liquids  have,  in  general,  an  irregular  expansion  when  they 
approach  the  boiling  and  freezing  temperature,  and  therefore 
that  one  must  be  chosen  whose  freezing  and  boUing  points  are 
separated  by  the  greatest  interval,  at  the  same  time  comprising 
those  temperatui'es  which  it  is  commonly  most  necessary  to 
determine.  Alcohol  freezes  at  a very  low  temperature,  but  it 
is  readily  vaporised  ; the  oils  are  vaporised  at  a very  high 
temperature,  but  they  are  easily  solidified.  Neither  of  these 
substances  therefore  can  be  used  as  thermometers  for  com- 
mon purposes,  though  they  are  useful  under  certain  circum- 
stances. Mercury  has  been  very  generally  employed,  and  it 
may  be  necessary  to  give  the  reader  such  particulars  as  may 
enable  him  to  construct  the  instrument,  should  he  wish  to  test 
the  accuracy  of  the  information  which  is  given  in  this  volume, 
or  to  commence  a series  of  experiments  by  which  the  boundary 
of  science  may  be  extended. 

The  mercury  to  be  used  for  thermometrical  purposes  must 
be  pure ; that  is,  must  be  free  from  admixture  with  any  other 
substance,  whether  solid  or  liquid.  The  best  way  to  secure 
this  is  to  distil  it,  and  it  may  then,  if  the  subsequent  processes 
be  carefully  attended  to,  be  expected  to  give  the  same  results  in 
whatever  instruments  it  may  be  employed. 

To  obtain  a means  of  observing  the  contraction  or  expan- 
sion of  this  liquid  is  the  next  object.  For  this  purpose 
the  student  may  provide  himself  with  a capillary  tube  that 
has  a spherical  bulb  at  one  end,  the  bulb  having  a consider- 
able proportion  to  the  bulk  of  the  whole  tube.  In  selecting 
the  tube,  great  care  must  be  taken  that  its  bore  be  uniform  ; 
for  as  the  instrument  is  to  be  graduated,  so  it  is  necessary  that 
any  quantity  of  the  liquid  may  stand  at  the  same  height  in  all 
places.  To  fill  the  tube  requires  a particular  process,  for  as 
the  bore  is  capillary  the  mercury  cannot  be  poured  into  it ; but 
if  the  bulb  be  held  over  a spirit  lamp,  and  the  temperature  of 
the  contained  air  be  raised,  its  expansion,  and  the  consequent 
escape  of  a portion,  will  produce  an  exceedingly  rarefied  atmo- 
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sphere.  If  the  open  end  of  the  tube  be  then  plunged  into 
mercury,  and  the  bulb  be  cooled,  the  enclosed  air  will  lose  a part 
of  its  elastic  force,  and  the  mercury  will  be  driven  into  the  tube  by 
the  pressure  of  the  atmosphere.  A small  portion  of  the  tube  will 
be  still  oceupied  by  air,  and  to  expel  it  the  instrument  must  be 
again  submitted  to  a high  temperature  ; and  when  the  mereurial 
vapour  occupies  the  spaee  to  the  exelusion  of  the  air,  the  open 
end  of  the  tube  must  be  hermetically  sealed.  The  mercurial 
vapour  will  condense  as  it  cools,  and  a tolerably  perfect  vacuum 
be  formed. 

The  mercurial  column  being  obtained,  a scale  must  be 
attached  to  it.  First  plunge  the  bulb  into  a vessel  containing 
melting  snow,  or  ice,  and  the  mercury  will  contract,  falling  to  a 
level  at  which  it  will  remain  until  the  liquefaction  be  complete ; 
and  as  the  result  is  the  same  in  all  places,  the  point  of  elevation 
may  be  marked  on  the  tube,  and  be  called  the  freezing  point. 

Then  plunge  the  instrument  into  boiling  water,  and  the  mer- 
cury will  expand  until  it  reaches  a certain  height,  and  there  it 
wull  remain  stationary,  however  intense  may  be  the  fire  applied 
to  the  water  ; and  hence  we  discover  that  there  is  a tempera- 
ture above  which  it  cannot  be  raised,  and  the  level  of  the  mer- 
cury may  be  marked  as  the  boiling  point. 

But  the  instrument  will  not  then  be  complete,  until  a measure 
is  provided  for  any  temperature  between  the  freezing  and  boiling 
points.  The  division  of  this  space  must  be  arbitrary;  and 
indeed  it  is  only  necessary  that  such  a graduation  should  be 
formed  as  shall  enable  different  observers  to  understand  each 
other’s  results.  Unfortunately  the  same  division  has  not  been 
universally  adopted,  and  although  it  is  easy  to  reduce  the  ob- 
servations made  by  one  graduation  to  the  degrees  of  another, 
yet  the  want  of  unanimity  is  attended  with  inconvenience. 

The  scale  employed  in  England  was  invented  by  Fahrenheit, 
and  is  called  after  his  name.  In  his  day  it  was  supposed  that 
the  mixture  of  snow  and  salt  produced  the  most  intense  cold 
that  could  be  obtained  by  any  artificial  means,  and  he  conse- 
quently took  that  temperature  as  the  commencement  of  his 
scale,  and  marked  the  level  of  the  mercury,  when  placed  in  this 
mixture,  as  0.  The  interval  between  this  and  the  freezing 
point,  he  divided  into  32  parts  or  degrees ; and,  by  continuing 
the  graduation,  the  boiling  point  was  fixed  at  212”. 
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The  centigrade  scale  is  employed  in  France,  and  there  the 
interval  between  the  boiling  and  freezing  points  is  divided  into 
100°;  the  freezing  point  being  0.  Reaumur’s  thermometer  is 
generally  used  in  other  countries,  and  it  differs  from  the  centi- 
grade in  the  division  of  the  interval  between  the  freezing  and 
boiling  points  into  80  instead  of  100®. 

It  must  not  be  supposed  that  the  thermometer  is  a measurer 
of  the  quantity  of  caloric  contained  in  any  substance.  Degree  of 
temperature  and  quantity  of  caloric  are  not  synonymous  expres- 
sions. The  thermometer  will  be  equally  affected  whether  it 
be  plunged  into  a river  or  a basin  of  water  taken  from  it,  and 
yet  it  cannot  be  supposed  that  there  is  as  much  caloric,  if  we 
may  speak  of  the  agent  as  though  it  were  matter,  in  a small  as 
in  a large  quantity.  Caloric  may  be  present  in  a substance, 
w'ithout  affecting  the  thermometer.  There  are,  in  fact, 
two  states  in  which  the  agent  may  be  placed  : in  one  its  pre- 
sence is  known  by  the  effect  which  it  has  upon  bodies  whether 
animate  or  inanimate,  and  in  the  other  its  influence  is  confined 
to  an  alteration  of  state ; the  one  is  called  sensible,  the  othei 
latent  heat,  or  more  properly  constituent  caloric. 

WINDS. 

Having  explained  the  influence  of  heat  in  the  expansion  of 
all  substances,  it  will  be  interesting  to  trace  its  influence  upon 
the  atmosphere,  which  is,  as  already  stated,  a vast  body  of  air 
surrounding  the  earth.  There  are  many  causes  which  are 
constantly  tending  to  destroy  the  equilibrium  of  the  atmo- 
sphere, and  to  produce  streams  or  currents  of  air,  called  winds, 
which  vary  in  their  intensity  according  to  circumstances ; but 
of  all  these  none  are  so  important  as  the  variation  of  tempera- 
ture. The  volume  of  a gas  or  vapour  increases,  as  already 
explained,  with  its  temperature,  and  must  therefore,  bulk  for 
bulk,  be  lighter.  If  this  observation  be  applied  to  the  atmo- 
sphere, it  will  be  perceived  that  when  the  air  is  resting  upon 
any  spot  more  heated  than  that  which  surrounds  it,  there  will 
be  a constant  flowing  in  of  cold  streams  in  every  direction,  so 
that  persons  situated  to  the  north  of  the  overheated  district  will 
experience  a northerly  wind,  while  those  to  the  south  will 
feel  a southerly  wind. 

From  comparatively  insignificant  phenomena  we  may  often 
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acquire  a knowledge  of  the  great  principles  of  nature ; an 
observation  which  is  illustrated  by  the  artificial  winds  that  are 
constantly  circulating  through  our  dwellings.  Smoke  rises 
from  a common  fire,  because  it  is  mingled  with  hot  air ; and  the 
deficiency  of  air  thus  produced  in  the  apartment  where  the  fire 
is  burned,  is  supplied. by  the  cold  air  which  rushes  through  the 
crevices  of  the  doors  and  windows.  The  fire,  however,  com- 
municates to  a portion  of  the  inclosed  atmosphere  of  the  room 
an  increased  temperature,  which  consequently  rises.  Hence  it 
is  that  in  churches,  chapels,  theatres,  and  other  public  build- 
ings, the  air  is  hotter  and  more  oppressive  in  the  galleries  than 
in  the  lower  parts  of  the  building. 

In  every  room  where  an  unequal  temperature  is  communi- 
cated to  the  atmosphere,  there  are  two  currents,  one  outward  and 
another  inward,  as  may  be  easily  proved ; for,  if  a lighted  candle  be 
placed  near  the  top  of  the  door,  the  flame  will  be  blown  outward 
by  the  heated  current  which  is  making  its  escape,  and  if  at  the 
bottom,  it  will  be  blown  inward  by  the  cold  current  which  is 
rushing  in.  The  same  process  is  going  on  in  nature,  on  a laiger 
scale;  and  the  principle  which  explains  the  one  is  applicable 
to  the  other.  The  land  and  sea  breezes,  which  occur  in  all 
the  islands  of  the  torrid  zone,  are  proofs  of  this  statement. 
During  the  hottest  part  of  the  day  the  winds  set  in  from  every 
direction  towards  the  centre  of  the  island,  for  the  air  over  the 
land  is  more  heated  than  that  over  the  water.  tVhen  the  sun 
sets,  the  land  radiates  its  heat,  and  the  aii-  over  it  being  gra- 
dually cooled,  the  wind  is  changed,  and  blown  from  the  land 
towards  the  sea. 

But  the  principle  to  which  we  have  referred  is  not  sufficient 
in  itself  to  account  for  all  the  atmospheric  phenomena  result- 
ing from  the  motion  of  air.  The  air  resting  upon  the  equatorial 
regions  being  more  heated  than  that  which  surrounds  the  polar, 
there  must  be  a constant  current  of  cold  air  rushing  from  the 
poles  to  the  equator,  and  a counter  current  of  hot  air  from  the 
equator  to  the  poles.  It  might  therefore  be  anticipated,  that  all 
countries  in  the  northern  hemisphere  would  experience  a con- 
stant north  wind,  and  all  in  the  southern  hemisphere  a constant 
south  wind,  except  so  far  as  local  obstructions  might  interfere. 
No  such  results,  however,  are  produced ; but  within  thirty 
degrees  of  the  equator,  in  each  hemisphere,  constant  winds  are 
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blowing,  called  the  trade-winds ; those  in  the  northern  hemi- 
sphere from  the  north-east,  those  in  the  southern  from  the 
south-east. 

Jt  is  true  that  there  is  a never-ceasing  under-cuirent  of  air 
from  the  polar  regions  to  the  equator.  But  in  consequence  of 
the  revolution  of  the  earth  from  west  to  east,  the  atmosphere  is 
influenced  by  a force  acting  at  right  angles  to  that  which  results 
from  the  heating  of  the  air  at  the  equator.  As  an  atmosphere 
must  necessarily  participate  in  the  motion  of  the  body  it  sur- 
rounds, and  as  the  velocity  of  the  earth’s  circumference  must 
increase  from  the  poles  to  the  equator,  so  the  velocity  of  the 
atmosphere  from  west  to  east  must  increase  in  proportion  to  its 
advance  towards  the  equatorial  regions.  Let  us  then  imagine 
a current  of  cold  air  rushing  from  the  poles  to  the  equator  to 
occupy  the  place  vacated  by  the  heated  air,  and  throughout  its 
progress  to  be  influenced  by  a constantly  increasing  rotatory 
motion  from  west  to  east,  and  it  will  be  evident  that  as  two 
forces  are  acting  upon  it,  it  must  take  an  intermediate  path, 
and  in  fact  describe  a curve  line,  the  convexity  of  that  line 
being  turned  towards  the  east.  The  cause  of  the  trade-winds 
will  now  be  easily  deduced.  In  the  northern  hemisphere  there 
is  a current  of  air  from  the  north  to  the  equator ; but  being 
impressed  by  a force  tending  to  drive  it  westward,  that  is  to 
say,  being  under  the  influence  of  the  earth’s  rotation,  it  takes 
an  intermediate  course,  and  a north-east  wind  is  produced.  In 
the  southern  hemisphere  there  is  a current  from  the  south  to 
the  equator ; but  this  being  also  under  the  influence  of  a force 
tending  to  drive  it  westward,  a south-east  wind  is  the  result. 

Some  writers  have  referred  to  the  influence  of  the  solar  and 
lunar  attraction  upon  the  atmosphere  as  a general  cause  of 
winds.  There  can  be  no  doubt  that  the  two  luminaries,  by  their 
attractive  force,  have  an  influence  upon  the  atmosphere  some- 
what similar  to  that  which  disturbs  the  ocean,  but  their  effect 
upon  it  is  of  little  or  no  importance  in  our  present  inquiry,  and 
it  is  quite  certain  that  the  trade-winds,  instead  of  resulting 
from,  would  rather  be  retarded  by,  their  attractive  power. 

The  trade  winds  in  some  parts  are  subject  to  a change  of 
direction  every  six  months,  and  they  are  then  called  monsoons. 
This  variation  in  the  trade  winds  is  produced  by  the  annual 
revolution  of  the  earth  round  the  sun,  which  causes  the  north 
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pole  to  be  directed  towards  that  luminary  one  half  of  the  year, 
and  the  south  pole  the  other  half,  one  being  the  summer  of  the 
northern  hemisphere,  the  other  the  summer  of  the  southern. 
When  the  northern  hemisphere  is  especially  exposed  to  the 
sun’s  rays,  Arabia,  Persia,  India,  and  China,  being  greatly 
heated,  raise  the  temperature  of  the  atmosphere  that  covers 
them,  and  the  colder  air  from  the  regions  south  of  the  equator 
rushes  towards  those  parts.  It  will  therefore  follow  that  for 
six  months  the  trade-wind  is,  in  this  instance,  produced  by  a 
current  of  air  rushing  from  the  equatorial  regions ; but  when 
the  summer  of  the  southern  hemisphere  approaches,  the 
direction  of  the  current  changes,  and  the  colder  air  rushes 
towards  the  ocean  and  countries  near  the  southern  tropic,  which 
are  then  the  most  heated. 

It  is  not  always  easy  to  determine  with  precision  the  causes 
which  disturb  the  equilibrium  of  the  aerial  ocean.  There  are 
so  many  active  agents  exerting  their  influence,  and  in  such  an 
infinity  of  modes,  that  it  is  as  difficult  to  separate  as  to  com- 
bine their  effects.  But  although  some  objections  may  be  made 
to  the  explanations  we  have  given,  there  can  be  no  doubt  that 
the  variation  of  temperature  is  the  principal  agent  in  disturb- 
ing the  equilibrium  of  the  atmosphere,  although  the  effects 
may  be  obstructed  by  not  less  active  though  minor  local 
agencies. 

From  the  parallel  of  30°  to  the  pole  in  both  hemispheres,  the 
winds  are  irregular  both  in  direction  and  violence.  But  in  all 
countries  there  is  a tendency  to  periodical  winds  more  or  less 
marked.  Even  in  our  own  island,  which  from  its  situation, 
having  a continent  on  one  side  and  an  ocean  on  the  other,  must 
necessarily  have  a variable  climate,  there  is  a certain  prevalence 
of  periodical  winds.  Easterly  winds  usually  prevail  during  the 
spring ; and  durmg  the  remainder  of  the  year  westerly  winds 
are  most  common. 

The  irregular  winds  are  most  feared  by  voyagers  and  tra- 
vellers, and  the  most  violent  of  these  are  the  whiilwind,  the 
harmatan,  and  the  scirocco. 

The  whirlwind  appears  to  be  produced  by  the  contact  of  two 
or  more  currents  blowing  from  different  parts,  and  is  usually 
produced  by  a temporary  and  local  though  violent  agitation  of 
the  atmosphere.  The  harmatan  is  not  uncommon  on  the  western 
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coast  of  Africa,  and  is  probably  produced  by  an  interruption  of 
the  direction  of  the  trade  winds  in  the  course  of  their  progress 
over  the  sandy  deserts  of  Africa.  It  is  generally  attended  with 
an  oppressive  heat  and  heavy  fog,  and  is- said  to  be  the  fore- 
runner of  a hurrieane.  The  scirocco  is  occasioned  by  the  pas- 
sage of  a current  of  air  over  the  heated  sands  of  Africa,  which 
render  it  so  dry  and  rarefied  that  it  is  unfit  for  respiration ; but 
in  passing  over  the  Mediterranean  sea  it  absorbs  a large 
quantity  of  moisture,  and  a suffocating  and  oppressive  fog  is 
produced. 

We  often  hear  of  the  destructive  effects  of  violent  winds,  but 
it  is  not  often  that  they  visit  this  country.  The  noblest 
works  of  man  are  not  unfrequently  destroyed  by  them,  and 
entire  countries  are  sometimes  devastated ; but  on  no  part 
of  the  earth  are  its  effects  more  to  be  dreaded  than  in 
some  districts  of  Africa.  During  the  storms  that  often  rage 
in  the  deserts,  the  loose  and  unstable  sand  is  carried  into 
the  air  in  such  dense  clouds  as  to  intercept  the  rays  of  the 
dazzling  tropical  sun,  while  at  other  times  it  is  raised  by 
the  whirlwind  into  massive  and  gigantic  pillars.  The  tra- 
veller who  has  to  cross  the  extensive  deserts  of  Africa,  may 
consider  himself  fortunate  if  he  passes  them  without  beholding 
either  of  these  terrific  phenomena.  It  must  be  a magnificent 
but  fearful  sight  to  see  a number  of  prodigious  pillars  of  sand, 
stalking  with  greater  or  less  velocity  over  the  unmeasured 
waste,  their  tops  reaching  to  the  clouds, andtheir  bases  resting  on 
the  attenuated  air.  Should  they,  however,  happen  to  cross  the 
path  of  the  traveller,  there  is  little  chance  of  escape.  But  if 
this  phenomenon  be  sometimes  destructive  to  a kafila,  how 
much  more  so  the  sand  wind  or  hurricane  ! Denham  had  the 
misfortune  to  encounter  a sand-storm  in  crossing  the  desert,  and 
has  briefly  but  graphically  described  its  effects.  The  unlimited 
expanse  seemed  to  be  filled  with  particles  of  sand,  and  the  eye 
of  the  traveller  could  only  penetrate  the  space  of  a few  yards 
around  him  ; the  sun  and  the  clouds  were  obscured,  and  a suf- 
focating and  oppressive  weight  rested  upon  eveiy  individual ; 
the  horses  refused  to  face  the  sandy  clouds  which  threatened 
to  overwhelm  them,  and  botli  men  and  beast  suffered  under 
an  oppressive  thirst  which  could  not  be  alleviated. 

The  hurricanes  which'  ravage  the  Antilles  and  Mascarenes 


DESCRIPTION  OF  A HURRICANE. 


87 


ave  among  the  most  violent  and  destructive  of  natural  pheno- 
mena. Mr.  Stewart  has  described,  in  a vivid  manner,  the 
approach  and  effects  of  a hurricane  in  the  island  of  Jamaica. 
“ It  is  usually  preceded  by  awful  and  certain  prognostics.  An 
unusual  calm  prevails ; not  a breath  of  wind  is  felt ; the  atmo- 
sphere is  close  and  sultry;  the  clouds  wUd,  broken,  and  per- 
petually and  rapidly  shifting.  At  length  a deep  and  portentous 
gloom  gradually  settles  and  overspreads  the  hemisphere ; the 
sun  is  enveloped  in  darkness  ; a deep,  hollow,  murmuring 
sound  is  indistinctly  heard,  like  the  roaring  of  a distant  cataract, 
or  the  howling  of  winds  through  remote  woods ; rapid  and 
transient  gusts  of  wind  and  rain  speedily  succeed  ; various 
birds  of  passage  are  seen  hastily  driving  along  the  sky,  or  are 
thrown  down  by  the  violence  of  these  gusts ; even  the  cattle 
grazing  in  the  fields,  as  if  instinctively  aware  of  the  approach- 
ing danger,  withdraw  to  the  thickets  for  shelter.  The  blasts 
soon  become  more  impetuous : at  one  moment  they  rage  with 
inconceivable  fuiy,  and  the  ensuing  instant  seem,  as  it  were, 
suddenly  to  expire.  In  a few  hours  the  hurricane  reaches  its 
acme  of  violence — when  all  the  winds  of  heaven,  and  from 
every  point  of  the  compass,  winged  with  destruction,  seem  let 
loose  from  their  caverns.  The  largest  trees  are  thrown  pro  - 
strate,  or  shattered  and  stripped  of  their  foliage  ; the  provision- 
grounds  are  laid  waste  ; the  sugar-canes,  levelled  to  the  earth, 
and  in  the  more  exposed  situations  torn  up  by  the  roots,  and 
wafted  about  like  chaff.  Many  of  the  dwellings  are  blown 
down  or  unroofed,  and  their  inhabitants  too  often  either  buried 
in  the  ruins,  or  driven  forth  to  perish  unsheltered.  Nothing 
can  be  more  appalling  than  the  wild  howling  and  threatening 
violence  of  a hurricane  during  the  night,  when  the  vivid  and 
quickly  succeeding  gleams  of  lightning,  darting  athwart  the 
heavens,  make  ‘ darkness  visible,’  and  heighten  the  horror  of 
the  scene.” 

Meteorologists  have  been  long  conscious  that  there  are  many 
phenomena  connected  with  the  origin  and  progress  of  winds 
which  are  not  satisfactorily  explained  by  modern  science. 
Observation  has  been  recently  drawn  to  these,  and  it  may  be 
anticipated  that  the  difficulties  which  now  attend  the  explana- 
tion of  many  atmospheric  phenomena  W'ill  be  removed.  With- 
out entering  upon  an  explanation  of  the  theoretical  opinions 
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which  have  been  recently  proposed,  it  will  be  sufficient  to  state 
that  some  valuable  information  has  been  collected  by  Colonel 
Reid,  which  will  probably  form  the  foundation  of  a new  and 
accurate  examination  of  the  circumstances  under  which  the 
atmospheric  equilibrium  is  disturbed,  and  the  phenomena  thus 
produced. 

Colonel  Reid  states,  that  he  was  called  by  his  military  duty 
to  the  island  of  Barbadoes,  soon  after  the  great  hurricane  of 
1831,  which,  in  the  space  of  seven  hours,  not  only  overturned 
buildings  and  desolated  the  country,  but  killed  fourteen  hun- 
dred and  seventy-seven  persons.  This  led  him  to  study  the 
origin  and  action  of  storms.  In  the  course  of  his  inquiries  he 
made  himself  acquainted  with  the  opinions  of  previous  meteor- 
ologists. 

Franklin,  it  appears,  was  the  first  philosopher  who  made  an 
observation  leading  to  the  truth,  by  studying  the  origin  of  the 
north-easterly  storms  which  are  so  frequent  on  the  coast  of 
America.  By  one  of  these  he  was  prevented  from  observing 
an  eclipse  at  Philadelphia,  although  that  phenomenon  was  seen, 
as  he  afterwards  ascertained,  at  Boston,  which  is  situated  to  the 
north-east  of  Philadelphia.  This  induced  further  research, 
and  he  at  last  convinced  himself  that  the  north-easterly  storm 
came  from  the  south-west. 

Colonel  Capper,  who  for  twenty  years  studied  meteorology 
on  the  Madras  territory,  wrote  a work  on  winds  and  mon- 
soons in  the  year  1801.  This  gentleman  maintained  that 
hurricanes  were  great  whirlwinds,  and  “ that  the  place  of  a 
ship  in  these  whirlwinds  may  be  ascertained ; for  the  nearer  to 
the  vortex,  the  faster  will  the  wind  veer and  subsequent 
inquiries  prove  that  Colonel  Capper  was  right  in  tliis  opinion. 

Mr.  Redfield,  a more  recent  observer,  ascertained  that  while 
the  north-easterly  stonns  prevailed  on  the  coast  of  America, 
there  was  a south-westerly  storm  in  the  Atlantic,  and  that  the 
wind  blew  in  opposite  directions  on  opposite  sides.  These 
great  stonns  are  in  fact  progressive  whirlwinds,  and  always 
revolve  in  the  same  direction. 

Colonel  Reid  has  proved  the  accuracy,  and  fully  illustrated, 
in  a large  volume,  upon  suitable  charts,  these  opinions,  and  has 
at  the  same  time  drawn  the  attention  of  scientific  men  to  the 
study  of  meteoric  changes. 
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It  is  not  necessary  to  compare  the  amount  of  evil  produced 
by  the  atmosphere  under  certain  conditions,  with  its  beneficial 
influence  upon  the  human  species.  Evei-y  phenomenon  may  be 
considered  in  two  ways ; but  we  may  be  perfectly  satisfied  that 
no  agent  is  active  for  the  mere  purpose  of  destruction.  The 
traveller  may  be  sometimes  overwhelmed  by  the  vast  masses  of 
sand  that  the  disturbed  atmosphere  bears  on  its  wings  as  it 
hurries  over  the  desert,  and  the  pleasant  country  may  be  some- 
times overturned  in  its  fury,  but  the  same  agent  still  ministers 
to  our  wants  and  pleasures ; it  carries  over  the  swelling  bosom 
of  oceans  the  riches  and  intellect  of  foreign  climes,  aids  man  in 
his  heaviest  toils,  and  bears  life  and  health  upon  its  balmy  wings. 

LATENT  HEAT. 

Although  the  presence  of  latent  heat  cannot  be  determined 
by  any  sensible  effect,  there  are  proofs  of  its  existence,  and  a 
knowledge  of  its  action  will  illustrate  many  of  the  phenomena 
observed  in  nature.  The  mention  of  an  experiment  will  per- 
haps better  illustrate  the  kind  of  influence  which  it  exerts  upon 
matter  than  any  description  that  could  be  given.  Take  a vessel 
containing  ice,  and  plunge  it  into  mercury  at  the  temperature  of 
200”,  and  placing  a thermometer  in  both  the  water  and  the  mer- 
cury, watch  the  effect  produced  upon  them.  There  will  be  imme- 
diately a conduction  of  sensible  heat  from  the  mercury  to  the 
ice,  the  thermometer  in  the  mercury  will  begin  to  fall,  and  it 
might  be  expected  that  the  one  in  the  ice  would  begin  to  rise, 
but  this  does  not  happen ; it  remains  stationary,  though  the  ice 
melts  rapidly.  By  the  time  that  the  ice  is  melted  the  ther- 
mometer in  the  mercury  will  have  fallen  considerably,  though 
that  in  the  ice  wUl  still  be  at  the  freezing  point,  the -tempera- 
ture of  the  water  being  the  same  as  the  ice,  though  the  mercury 
has  communicated  to  it  so  much  sensible  heat.  Only  one 
opinion  can  be  formed  as  to  the  application  of  the  heat  which 
has  been  received  by  the  ice  : it  has  entered  among  its  consti- 
tuent particles,  and  has  a latent  existence.  A certain  quantity 
of  caloric  is  required  for  the  perfonnance  of  the  process  of 
liquefaction,  and  on  this  account  it  has  been  sometimes  called 
the  caloric  of  fluidity.  Nor  is  it  more  singular  that  the  agent 
should  lose  its  power  of  affecting  the  senses  and  the  thermo- 
meter, than  that  the  properties  of  two  or  more  elements  should 
be  destroyed  in  chemical  combinations. 
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From  these  facts  it  may  be  deduced  that  in  the  process  of 
freezing  as  much  heat  must  he  given  out  as  is  received  in  lique- 
faction, an  opinion  which  may  he  easily  verified  hy  submitting 
water  in  a similar  experiment  to  mercury  that  has  been  reduced 
to  a temperature  below  the  freezing  point. 

It  is  not  difficult  to  determine  the  quantity  of  heat 
absorbed  by  a body  during  liquefaction.  Take  two  equal 
vessels,  one  containing  an  ounce  of  water  at  32®,  the  other 
an  ounce  of  ice,  and  immerse  them,  each  vessel  having  a ther- 
mometer, in  a mercurial  bath  raised  to  a high  temperature. 
By  the  time  the  ice  is  melted,  the  thermometer  in  the  water 
will  stand  at  172®,  and  consequentlj’^  a temperature  equal  to 
1 40®  has  been  communicated  to  it.  But  the  temperature  of  the 
water  is  nothing  higher  than  that  of  the  ice  at  the  commence- 
ment of  the  experiment,  and  it  may  therefore  be  concluded 
that  it  requires  a temperature  of  140®  to  liquefy  ice.  That  it 
is  the  process  of  liquefaction  which  prevents  the  ice  from  rising 
in  temperature  is  evident ; for  if  equal  quantities  of  water  at 
32®  and  172®  be  mixed,  a temperature  of  102®  will  be  produced, 
that  is,  the  whole  will  have  a temperature  equal  to  half  the 
sum  of  the  parts. 

Nearly  all  liquids  may  be  reduced  to  the  condition  of  solids ; 
but  they  freeze  at  different  temperatures  : so  on  the  other 
hand  all  solids,  except  carbon,  are  capable  of  liquefaction, 
though  many  of  them  require  the  most  intense  heat. 

These  facts  may  enable  us  to  explain  some  meteorological 
results,  which  would  otherwise  be  exceedingly  perplexing.  It 
may  have  been  noticed  by  some  of  our  readers  that  the 
air  is  generally  colder  during  a thaw  than  when  the  ground 
is  actually  covered  with  ice,  and  this  is  evidently  pro- 
duced by  the  abstraction  of  heat  from  the  atmosphere.  In 
order  that  the  ice  may  be  reduced  into  a liquid  state,  it  is 
necessary  that  it  be  supplied  with  a certain  amount  of  caloric, 
to  be  used  as  a constituent  principle  for  the  production  of 
liquefaction.  Now  this  can  only  be  obtained  by  robbing  some 
other  substance  of  its  sensible  heat.  Hence  it  is  that  the 
atmosphere  has  a lower  temperature  during  a thaw  than  when 
ice  covers  the  ground  and  the  surface  of  lakes  and  rivers. 

But  if  a thaw  lowers  the  temperature  of  the  atmosphere,  a 
frost  must  raise  it.  When  water  is  solidified,  it  gives  out 
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as  much  heat  as  it  receives  during  the  process  of  liquefac- 
tion. A large  portion  of  this  must  be  communicated  to  the 
. atmosphere,  and  when  there  are  no  causes  tending  to  decrease 
the  amount  of  sensible  heat,  the  temperature  must  be  increased 
by  the  quantity  supplied  by  water  during  solidification. 

We  have  hitherto  considered  only  two  conditions  of  matter, 
solids  and  liquids;  and  we  must  therefore  proceed  to  explain 
the  influence  of  heat  in  the  formation  of  vapour.  If  water, 
for  instance,  be  exposed,  for  a sufficient  time,  to  any  source  of 
heat,  its  temperature  will  continue  to  increase  till  it  has  attained 
to  that  of  212®;  but  above  this  it  cannot  be  raised,  and  the  only 
subsequent  effect  will  be  the  formation  of  vapour.  It  is  then  an 
■‘interesting  question,  what  becomes  of  the  heat  that  is  imparted  to 
the  water  after  its  temperature  has  been  raised  to  the  boiling 
point.  This  can  only  be  answered  in  one  of  two  ways ; it  must 
either  be  admitted  that  it  is  carried  off  by  the  steam,  or  that  it 
is  applied  in  a latent  state,  inappreciable  to  the  thermometer, 
for  the  formation  of  the  elastic  fluid.  That  it  is  not  earned  off 
by  the  steam  is  certain,  for  the  thermometer  gives  no  evidence 
of  its  presence,  and  therefore  it  must  be  combined  with  it  in  a 
latent  state,  and  we  might  have  expected  this  analogy  between 
the  causes  of  liquidity  and  vaporization. 

It  is  possible,  by  a very  simple  experiment,  to  form  an  ap- 
proximate estimate  of  the  quantity  of  latent  heat  necessary  to 
convert  water  into  aqueous  vapour  or  steam.  Take  a vessel 
containing  five  and  a half  ounces  of  water  at  a temperature  of 
32®,  and  let  the  beak  of  a retort  containing  one  ounce  of  boiling 
water  pass  into  it.  If  the  water  in  the  retort  be  thrown  off  as 
steam  into  the  cold  water,  it  will  be  found  that  when  the  whole 
is  vaporised,  the  five  ounces  and  a half  will  be  raised  to  the 
boiling  point.  From  this  result  we  learn,  that  the  vapour  of 
one  ounce  of  water  contains  as  much  heat,  in  a latent  state,  as 
would  raise  five  ounces  and  a half,  at  32®,  to  a temperature  of 
212®,  or,  m other  words,  as  can  increase  its  sensible  heat  182®. 
If,  then,  the  heat  necessary  for  the  formation  of  the  vapour 
could  have  been  received  in  its  sensible  state  into  the  ounce  of 
water,  it  would  have  raised  the  temperature  to  990®,  that  is, 
five  and  a half  times  180  . An  ounce  of  water,  therefore,  in 
passing  from  a liquid  to  a vaporous  state,  receives  as  much  heat 
as  would,  if  sensible,  raise  its  temperature  990®. 
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Aqueous  vapour,  or  steam,  is  perfectly  invisible,  and  the 
white  cloudy  stream  which  is  observed  to  flow  from  a vessel 
containing  boiling  water,  is  the  condensation  of  that  vapour 
produced  by  its  meeting  with  an  atmosphere  of  lower  tempera- 
ture. Dr.  Wollaston  invented  a pretty  apparatus  to  prove  the 
invisibility  of  steam,  which  at  the  same  time  shows  its  two  most 
important  properties,  elasticity  and  condensation.  It  consists 
of  a glass  tube,  about  six  inches  long,  and  three  quarters  of  an 
inch  in  diameter,  having  a bulb  at  one  of  its  extremities.  Into 
the  open  end  is  fitted  a piston,  which  is  perforated  so  as 
to  be  opened  or  closed  by  a screw  at  the  top  ; and  the 
piston  rod  is  kept  in  the  perpendicular  by  moving  through  a 
cork.  A handle  is  attached  by  a brass  ring  to  the  tube. 
When  the  instrument  is  to  be  used,  a small  quantity  of  water 
must  be  placed  in  the  bulb,  and  raised  to  the  boiling  point  by 
a spirit  lamp,  the  aperture  being  left  open  until  the  air  has  been 
expelled.  Then  close  the  opening,  and  raise  the  steam  until 
a it  forces  the  piston  upwards  ; immerse  the 

s tube  in  cold  water,  and  the  vapour  being 

2 condensed,  a vacuum  will  be  formed,  and 
H ^ the  pressure  of  the  atmosphere  will  force 
B S the  piston  downwards.  This  little  instru- 
^ ment  shows  the  application  of  steam  as  a 
I ® moving  power ; but  it  is  not  our  intention 
g ^ to  refer  to  this  beautiful  application  of  a 
g natural  agent,  as  our  principal  object  in  this 
E volume  is  to  explain  the  natural  phenomena 
^ H which  depend  upon  the  laws  of  material 

^ S existence. 

We  have  spoken  of  the  boiling  point  of  water  as  being  212° 
of  Fahrenheit’s  thermometer ; the  reader  is,  however,  probably 
aware,  that  the  boiling  point  is  not  stationary,  but  varies 
according  to  circumstances.  Among  other  things  it  may  be 
mentioned  that  the  boiling  point  has  always  a relation  to  the 
height  of  the  barometer,  or  in  other  words,  to  the  atmospheric 
pressure.  Now  as  the  atmospheric  pressure  varies,  even  at  the 
same  place,  there  will  also  be  a slight  variation  in  the  boiling 
point.  But  if  we  measure  the  pressure  at  different  heights, 
the  variation  will  be  found  very  considerable,  and  in  those 
places  there  will  be  a proportionate  difference  in  the  tempera- 
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tore  at  which  water  boils.  To  show  that  the  boiling  point  of 
a fluid  is  lowered  as  the  pressure  decreases,  place  a flask 
containing  water  at  about  200°,  under  the  receiver  of  an  air- 
pump,  and  before  the  receiver  is  exhausted  the  water  will  boil, 
for  a less  pressure  is  exerted  upon  the  liquid.  The  same  result 
may  be  obtained  in  another  way.  Boil  a small  quantity  of 
water  in  a thin  flask,  and  while  the  steam  is  passing  off,  cork  up 
the  mouth  of  the  flask,  and  remove  it  from  the  source  of  heat. 
The  boiling  will  almost  immediately  cease;  but  if  the  flask  be 
plunged  into  cold  water,  the  ebullition  will  recommence.  This 
singular  result  is  produced  by  the  condensation  of  the  aqueous 
vapour,  which  causes  the  formation  of  a vacuum  above  the 
liquid  ; and  as  the  boiling  point  is  lowered  by  the  removal  of 
external  pressure,  the  water  contained  in  the  flask  is  again  put 
into  a state  of  ebulUtion. 

It  will  follow, as  a necessary  result  from  these  experiments 
and  facts,  that  an  increased  pressure  will  raise  the  boiling 
point.  There  is  indeed  no  limit  to  the  temperature  to  which 
water  may  be  raised,  except  that  which  regulates  the  amount 
of  pressure  under  controul ; water  may  in  fact  be  made  red-hot 
without  boiling. 

These  facts  have  an  evident  connection  with  results  obtained 
by  travellers.  It  has  been  frequently  observed  bj"^  those  who 
have  visited  mountainous  districts,  that  the  boiling  point  of 
liquids  varies  in  proportion  to  the  height  of  the  place  above  the 
level  of  the  sea.  From  what  has  been  already  said  concerning 
the  atmosphere,  we  know  that  the  pressure  is  less  upon  the 
summit  of  a mountain  than  in  the  plains  beneath,  and  the 
boiling  point  of  liquids  will  be  lov/er.  The  converse  of  this  is 
also  true,  and  in  deep  mines  the  boiling  point  must  be  propor- 
tionally raised. 

As  in  the  process  of  vaporisation  a large  amount  of  heat  must 
be  combined  with  the  particles  of  the  body,  an  equal  amount 
must  be  given  up  by  vapours  when  they  return  to  a liquid  state. 
The  vapour  produced  by  a cubic  inch  of  water  will  occupy  a 
space  of  seventeen  hundred  cubic  inches ; but  all  the  latent 
heat  it  contains  must  be  abstracted  before  it  can  be  condensed 
into  a liquid. 

Philosophers  have  made  a distinction  between  vapours  and 
gases,  although  there  is  a sufficient  analogy  in  their  physical 


94 


EVAPORATION. 


condition  to  warrant  the  supposition  that  they  have  the  same 
origin.  The  gases  were  probably  separated  from  the  vapours, 
under  the  supposition  that  they  could  never  take  the  liquid 
form,  and  were  therefore  sometimes  called  the  permanently 
elastic  fluids.  There  is,  however,  now  no  doubt,  that  the  gases 
as  well  as  the  vapours  may  be  compelled  to  take  a liquid  state, 
and  that  to  present  them  in  this  form  it  is  only  necessary  to 
abstract  from  them  their  latent  heat.  The  gi-eatest  amount  of 
cold  ever  produced  is  unable  to  effect  this  result.  Dr.  Faraday 
has  succeeded  in  condensing  some  of  them  by  another  process, 
and  has  thus  afforded  an  argument  for  the  inference  that  others 
might  be  reduced,  could  the  obstacles  to  experiment  he  removed. 
It  is  a well  established  fact,  that  when  an  elastic  fluid  suffers  me- 
chanical compression,  its  temperature  is  raised,  a portion  of  its 
latent  heat  being  made  sensible.  The  sensible  heat  may  be  easily 
drawn  off  by  the  contact  of  some  cold  body ; so  that  by  con- 
tinuing the  compression,  and  abstracting  the  sensible  heat,  it 
may  he  possible  to  remove  so  much  of  the  latent  heat  as  may 
compel  the  gas  to  take  a liquid  form.  By  submitting  the  gases 
in  strong  glass  tubes  to  the  pressure  of  their  own  elastic  force. 
Dr.  Faraday  succeeded  in  condensing  nine  of  them.  Oxygen, 
nitrogen,  and  hydrogen,  have  resisted  a pressure  equal  to  that 
of  eight  hundred  atmospheres,  so  that  there  can  be  little  pro- 
spect of  knowing  anything  about  the  liquids  from  which  they 
are  produced.  When  it  is  remembered  that  oxygen  and 
nitrogen  are  the  component  parts  of  atmospheric  air,  there  will 
be  little  difficulty  in  deducing,  from  the  facts  which  have  been 
stated,  proofs  of  the  wisdom  displayed  in  the  choice  and  arrange- 
ment of  materials.  If  an  atmosphere  of  vapours  had  been 
employed  instead  of  gases,  it  might  all  have  been  condensed 
into  a liquid  during  some  inclement  season,  and  the  beings 
dependent  on  its  existence  have  perished. 

EVAPORATION. 

The  formation  of  vapour  does  not  altogether  depend  upon 
ebullition ; or  in  other  words  it  is  not  absolutely  necessary  that 
a liquid  should  be  raised  to  the  boiling  point  for  the  production 
of  vapour.  A liquid  may  produce  vapour  from  its  surface  at 
any  temperature,  though  the  amount  increases  with  the  sen- 
sible heat.  It  was  once  supposed  that  evaporation  resulted 
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from  a chemical  affinity  between  the  particles  of  air  and  the 
liquids  evaporated.  This  theory,  proposed  by  Halley,  has  been 
disproved  by  the  experiments  of  Dalton;  and  if  we  had  no  other 
proof,  the  formation  of  a vapour  in  vacuo  would  be  a sufficient 
contradiction. 

Every  mass  of  water  on  the  surface  of  the  earth,  and  every 
moist  or  damp  district,  wUl  afford  an  example  of  evaporation. 
AU  parts  of  the  earth  support  a mass  of  atmospheric  air,  to 
which  they  are  constantly  imparting  aqueous  vapour,  and 
there  is  but  one  limit  to  this  process,  the  saturation  of  the  air , 
the  point  of  saturation  being  the  reception  of  a quantity 
that  will  exert  a pressure  sufficient  to  prevent  any  further 
evaporation. 

As  there  are  many  phenomena  resulting  from  evaporation, 
it  may  be  necessary  to  refer  to  some  of  the  general  laws  which 
govern  the  formation  and  action  of  vapour  under  this  circum- 
stance, before  any  attempt  be  made  to  explain  the  phenomena 
themselves ; and  should  the  reader  find  the  statement  of  prin- 
ciples less  interesting  than  their  application,  he  may  console 
himself  by  the  recollection  that  every  serious  attempt  to  exer- 
cise the  reasoning  powers  makes  the  next  effort  less  difficult. 

In  all  observations  upon  the  process  of  evaporation,  it  is 
absolutely  necessary  to  consider  the  temperature  of  the  liquid 
from  which  the  vapour  is  rising.  When  the  temperature  is 
high,  the  force  exerted  against  the  evaporation  by  atmospheric 
vapour  is  altogether  inappreciable,  but  when  the  temperature 
is  low  it  must  be  taken  into  account,  for  then  it  may  have  a 
force  almost  equal  to  the  vapour  itself.  It  appears  from 
Dr.  Dalton’s  experiments,  that  at  all  temperatures  between 
212°  and  138®,  the  rate  of  evaporation  is  exactly  proportional 
to  the  elastic  force  or  tension  of  the  vapour ; but  as  the 
temperature  lowers,  the  law  becomes  subject  to  greater 
variations  for  the  tension  of  the  rising  vapour,  while  that 
contained  in  the  atmosphere,  comes  nearer  to  an  equality.  In 
order,  therefore,  to  determine  the  elastic  force  of  the  vapour 
which  rises  by  evaporation  from  a liquid,  it  is  necessary  to 
determine  the  amount  of  pressure  exerted  by  the  vapour  in 
the  atmosphere. 

To  ascertain  the  quantity  of  vapour  suspended  in  the  atmo- 
sphere at  any  particular  time,  instruments  are  used  called 
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hygrometers.  The  principle  of  tlieir  construction  is  the 
application  of  a substance  capable  of  absorbing  moisture,  in 
such  a manner  as  to  measure,  by  a mechanical  contrivance, 
the  amount  of  aqueous  vapour  that  may  be  contained  in  any 
space. 

M.  de  Luc  employed  for  this  purpose  a piece  of  whalebone, 
a substance  that  absorbs  moisture  very  readily,  and  to  this  he 
attached  an  index  capable  of  an  easy  motion  round  a graduated 
face.  By  observing  the  indications  of  the  instrument  at  dif 
ferent  periods,  the  observer  will  have  a comparative  estimate 
of  the  quantity  of  vapour  in  the  atmosphere. 

M.  Saussure’s  hygrometer  consists  of  a human  hair,  previously 
boiled  in  a caustic  ley.  The  hair  is  fas- 
tened at  one  end  to  a hook,  and  a weight 
is  attached  to  the  other.  As  the  hair 
expands  or  contracts,  it  gives  motion,  by 
a simple  mechanical  contrivance,  to  an 
index  which  passes  over  a graduated  arch. 

The  hj^gi'ometers  generally  employed 
by  philosophers  give  the  proportional  dif- 
ferences of  aqueous  vapour  at  distinct 
periods,  without  estimating  the  weight  of 
water  contained  in  the  atmosphere  at  the 
time  of  experiment.  "We  have  employed 
a little  instrument  of  our  own  construc- 
tion, which  will  measure  in  grains  the 
weight  of  water  contained  in  a given 
space,  and  consequently  enable  the  ob- 
server to  deduce  the  amount  contained  in 
a given  extent  of  the  atmosphere.  It  con- 
sists of  an  accurately  balanced  beam,  to 
one  end  of  which  is  attached  a square  foot 
of  tissue  paper,  and  to  the  other  a scale-pan.  These  were 
adjusted  under  circumstances  that  prevented  the  interference 
of  aqueous  vapour,  and  it  is  always  easy  to  ascertain  by  the 
instrament  the  relative  proportions  of  vapour  contained  in  a 
portion  of  air  at  different  periods,  or,  with  particular  precau- 
tions, the  quantity  contained  in  the  atmosphere  itself. 

A somewhat  analogous  instrument  has  been  sometimes  used 
by  meteorologists;  but  this,  as  well  as  others,  estimates  the 
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variation  in  degrees  by  angular  motion,  and  not  by  weight.  It 
consists  of  a balance-beam,  having  a piece  of  sponge  at  one  end, 
and  a slender  rod  or  index  at  the  other.  The  sponge,  which 
may  be  rendered  more  hygrometric  if  steeped  in  pearl-ash  and 
water,  rapidly  absorbs  moisture  from  the  air,  and  as  its  weight 
increases,  the  index  rises  and  gives  a proportional  estimate  of 
the  vapour  which  may  be  present  in  the  atmosphere. 

The  hygrometer  invented  by  Mr.  Daniells  is  more  frequently 
used  by  meteorologists  than  any  other,  and  is  more  accurate, 
though  it  requires  a greater  time  to  register  an  observation. 
In  the  use  of  this  instrument  there  may  at  first  be  some  diffi- 
culty, but  the  certainty  of  its  results  gives  it  a value  in  the 
estimation  of  the  practical  philosopher  which  the  student  can 
scarcely  appreciate. 

We  have  already  proved  that,  in  the  formation  of  vapour  by 
ebullition,  there  must  be  a considerable  absorption  of  heat. 
In  the  production  of  vapour  by  evaporation,  this  is  equally 
true,  whatever  may  be  the  tcm})erature  of  the  liquid  at  the 
time.  There  are  many  interesting  experiments  by  which  this 
fact  may  be  proved.  If  the  bulb  of  a thermometer  be  surrounded 
by  a wet  sponge,  and  exposed  to  the  action  of  the  sun,  the  ther- 
mometer will  rapidly  fall,  and  the  same  result  will  be  produced 
if  it  be  covered  with  ether,  a substance  which  evaporates  very 
quickly.  For  the  production  of  vapour,  under  all  circumstances, 
heat  is  required,  and  in  these  experiments  it  can  only  be 
obtained  by  the  abstraction  of  sensible  heat  froifi  the  bodies  in 
contact  with  it,  or  from  its  own  substance. 

The  same  process  is  going  on  in  nature  on  a large  scale. 
When  by  the  action  of  the  solar  rays,  vapour  rises  from  the 
surface  of  water  or  from  damp  districts,  the  temperature  of  the 
atmosphere  immediately  resting  upon  that  portion  of  the  earth, 
Ls  consequently  lowered ; for  in  order  to  produce  the  vaporous 
state,  the  bodies  near  to,  or  in  connexion  with  the  liquid,  mus; 
be  robbed  of  their  sensible  heat. 

There  is  a very  interesting  experiment  connected  with  this 
subject,  which  is  generally  observed  with  surprise  by  those  who 
are  unacquainted  with  its  cause.  If  some  ether  be  poured  upon 
the  surface  of  water  in  a flat  shallow  vessel,  and  be  then  placed 
under  the  receiver  of  an  air-pump,  the  air  being  withdrawn, 
the  ether  will  boil,  and  the  water  will  freeze.  These  opposite 
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results  are  evidently  produced  by  the  same  cause,  the  vapor- 
isation of  the  ether.  The  boiling-point  of  the  ether  is  lowered 
by  the  removal  of  atmospheric  pressure ; vaporisation,  there- 
fore, goes  on  rapidly,  and  the  sensible  heat  of  the  water  is 
abstracted  to  facilitate  this  change  of  state,  until  at  last  so 
much  is  taken  away,  that  the  water  is  frozen. 

Dr.  Wollaston  invented  an  instrument  called  a cryophorus, 
which  illustrates  the  same  principle.  This  instrument  is  a glass 


From  the  bottom  of  one  of  these,  &,  there  proceeds  a small  tube, 
through  which  a liquid,  water  being  usually  employed,  is  intro- 
duced. When  removed  to  the  opposite  bulb,  c,  it  is  boiled,  so 
that  the  whole  of  the  instrument  may  be  filled  with  its  vapour, 
and  then  the  tube  is  hermetically  sealed.  Now  if  the  water  be 
accumulated  in  one  bulb,  and  the  opposite  be  immersed  in  a 
freezing  mixture,  the  vapour  will  be  rapidly  condensed  and  a 
vacuum  be  formed ; new  vapour  is  then  produced,  causing  an 
abstraction  of  caloric  to  so  great  a degree  as  to  freeze  the  water. 
This  philosophical  toy  very  admirably  proves  that  temperature 
is  lowered  by  evaporation. 

We  have  not  attempted  to  give  the  reader  a systematical 
explanation  of  the  science  of  heat,  but  only  to  describe  those 
facts  which  may  enable  him  to  understand  the  appearances  that 
result  from  the  existence  and  action  of  the  agent.  Some  of  the 
statements  which  have  been  made  may  appear  to  have  little  or 
no  relation  to  atmospherical  phenomena;  but  the  reader  will  be 
able  to  decide  whether  this  be  true  or  not  when  he  has  perused 
the  whole  of  the  chapter. 

The  various  circumstances  under  which  caloric  acts  upon 
bodies,  and  the  subtlety  of  its  influence,  have  prevented  the 
natural  philosopher  from  tracing  with  precision  its  agency  in 
many  changes  which  are,  no  doubt,  in  some  degree  dependent 
upon  it.  When  investigating  the  appearances  presented  by 
external  material  objects,  it  is  possible  to  give  an  undue  pro- 
minence to  those  occult  agents  which  are  supposed  to  hold 
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control  over  matter,  without  attention  to  the  influence  which 
bodies  may  have  upon  each  other  in  subduing  or  restraining  their 
effects.  The  reader  need  not  then  be  surprised  that  our  know- 
ledge of  the  phenomena  which  are  most  common  should  be  so 
limited,  but  rather  that  there  is  a trace  of  certainty  upon  the 
surface  of  some  of  our  speculations. 

CLOUDS. 

Clouds  are  found  to  be  unvarying  indicators  of  the  opera- 
tions of  atmospheric  causes,  and  of  the  changes  which  may  be 
expected  from  them.  It  has  been  often  said  that  man  is  a 
meteorologist  by  nature,  and  in  a limited  sense  he  is  so ; for 
so  active  are  the  influences  of  external  material  agents  on  the 
animal  system,  and  so  close  the  connexion  between  the  material 
framework  and  the  thinking  principle  of  man,  that  rapid  or 
violent  changes  in  external  circumstances  are  felt  as  well  as 
seen.  But  many  advantages  result  from  the  possession  of  that 
knowledge  which  enables  us  to  predict  the  changes  that  are  in 
the  process  of  accomplishment,  and  this  knowledge  is  especially 
advantageous  to  those  whose  engagements  are  at  all  influenced 
by  the  weather.  The  husbandman  and  the  mariner,  by  a con- 
stant attention  to  the  forms  and  combinations  of  clouds,  are 
generally  able  to  predict  with  some  certainty  the  probability 
of  changes,  and  often  to  avoid  evils  which  would  result  from 
ignorance.  The  face  of  heaven  is  indeed  an  unfaUing  index, 
and  upon  it  can  be  read  “ times  and  seasons.”  But  the  prin- 
ciples from  which  the  man  who  is  “ weatherwise  ” gathers  his 
prophetic  skill  are  so  indefinite  in  his  own  mind,  that  he  can 
seldom  give  an  explanation  of  the  reasons  for  his  judgment. 
The  meteorologist  must  be  in  all  things  governed  by  expe- 
rience, but  unless  the  results  he  obtains  can  be  connected  by 
system,  and  based  upon  a knowledge  of  philosophical  causes, 
his  information  can  be  of  no  value  to  others,  and  afford  him 
but  little  satisfaction. 

Many  attempts  have  been  made  to  explain  the  formation  of 
clouds,  but  there  are  difficulties  connected  with  all  the  theories 
that  have  been  proposed  which  cannot  be  at  present  removed. 
There  can  be  no  doubt  that  clouds  have  their  origin  in  the  com- 
bination of  aqueous  vapours  carried  into  the  atmosphere  by  the 
process  of  evaporation.  But  by  what  process  are  the  particles 
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of  aqueous  vapour  united,  when  they  form  clouds,  and  become 
visible  to  the  eye  1 There  is  no  philosophical  principle  that 
can  of  itself  account  for  the  production  of  clouds.  They  are  not 
always  formed  by  the  saturation  of  the  air,  for  the  atmosphere 
has  seldom  reached  the  point  of  extreme  moisture  when  they 
make  their  appearance ; nor  can  they  be  attributed  to  a dimi- 
nution of  heat,  for  the  clouds  are  sometimes  warmer  than  the 
surrounding  air,  and  if  the  mere  coldness  of  the  atmosphere 
produced  a condensation  of  vapour,  then  the  night  should  always 
be  attended  with  fogs  or  clouds,  as  the  result  of  the  condensa- 
tion of  the  vapour  raised  during  the  day. 

An  extremely  high  temperature  is  sometimes  continued  for 
a long  period  of  time  without  the  formation  of  clouds.  It  is 
stated  that  in  January  1786,  the  mean  temperature  during  the 
month  was  66^®,  a temperature  that  must  have  greatly  aided 
evaporation,  and  yet  not  a drop  of  rain  fell,  and  the  moisture  of 
the  air  diminished  so  rapidly  that  it  at  last  almost  disappeared. 
Such  a phenomenon  cannot  be  easily  explained. 

It  is  generally  admitted  that  clouds  are  combinations  of 
aqueous  drops,  and  it  is  almost  universally  acknowledged  that 
their  parts  have  a vesicular  structure.  Saussure  states  that, 
when  passing  over  the  Alps,  he  saw  a multitude  of  small 
globules,  like  soap-bubbles,  the  component  parts  of  a cloud, 
floating  before  him,  being  generally  about  the  size  of  a pea, 
and  apparently  covered  with  an  inconceivably  thin  coating. 
These  particles,  being  charged  with  electricity  of  the  same 
name,  repel  each  other,  and  they  are  from  this  cause  prevented 
from  taking  a liquid  state  and  falling  as  rain.  M.  Pouillet, 
for  whose  talents  we  entertain  the  highest  respect,  as  one  of  the 
best  teachers  and  most  discriminating  observers  in  Europe,  has 
stated,  that  electricity  is  not  given  off  during  evaporation 
without  chemical  change  ; but  we  have  made  experiments  of 
so  decided  a character  as  to  enable  us  to  state  that  this  result 
is  not  to  be  depended  on,  for  we  can  prove  that  in  every  case  of 
evaporation  electricity  is  developed.  We  shall  take  this  result 
as  though  it  were  proved,  leaving  the  enumeration  of  our 
experiments,  and  the  statement  of  the  means  by  which  the 
fact  was  ascertained,  to  another  occasion.  Now,  ii‘  electricity 
is  given  off  during  evaporation,  and  the  vapour  be  formed  into 
vesicles,  they  must  all  be  similarly  electrified,  and  consequently 
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repel  each  other ; but  if  there  be  no  truth  in  the  principle  we 
have  stated,  there  are  ample  means  of  accounting  for  the  accu- 
mulation of  electricity  from  the  action  of  other  causes. 

CLASSIFICATION  OF  CLOUDS. 

In  order  that  meteorologists  may  compare  their  observations 
and  results,  a system  has  been  adopted  by  which  they  are  able 
to  class  the  several  kinds  or  modifications  of  clouds.  There  are 
seven  modifications,  three  of  which  are  simple,  two  intermediate, 
and  two  compound.  The  following  table  will  form  the  basis  of 
the  remarks  we  shall  make  upon  the  several  kinds : — 

Simple  Modifications. 

1.  Cirrus;  parallel,  flexuous,  or  diverging  fibres,  extensible 
by  increase  in  any  or  in  all  dii-ections. 

2.  Cumulus  ; convex  or  conical  heaps,  increasing  upward 
from  a horizontal  base. 

3.  Stratus  ; a widely-extended,  continuous,  horizontal  sheet 
increasing  from  below. 

Intermediate  Modifications. 

1.  Cirro-Cumulus  ; small,  well-defined,  roundish  masses, 
in  close  horizontal  arrangement. 

2.  Cirro-Stratus  ; horizontal,  or  slightly-inclined  masses, 
attenuated  towards  a part  or  the  whole  of  their  circumference, 
bent  downward  or  undulated,  separate,  or  in  groups  consisting 
of  small  clouds  having  these  characters. 

Compound  Modifications. 

1.  Cumulo-Stratus  ; the  cirro-stratus  blended  with  the 
cumulus,  and  either  appearing  intermixed  with  the  heaps  of 
the  latter,  or  superadding  a wide-spread  structure  to  its  base. 

2.  Cumulo-Cirro-Stratus,  or  Nimbus,  the  rain-cloud.  A 
cloud,  or  system  of  clouds,  from  which  rain  falls.  It  is  a 
horizontal  sheet,  above  which  the  cirrus  spreads,  while  the 
cumulus  enters  it  laterally  and  from  beneath. 

For  this  classification  of  clouds,  which  is  sufficiently  accu- 
rate for  the  present  state  of  meteorological  science,  we  are 
indebted  to  Mr.  Howard,  who  has  rendered  more  than  ordinary 
services  to  this  interesting  branch  of  physics.  The  eye  of  the 
casual  observer  may  rest  upon  the  broad  expanse  of  heaven  a 
thousand  times,  year  by  year,  and  in  it  he  may  find  nothing  in 
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form  to  “ stir  the  soul  to  ecstacy,”  much  less  to  induce  a philo- 
sophical discrimination  of  causes.  But  although  there  may  be 
little  to  interest  the  man  whose  highest  aim  is  the  personal 
satisfaction  of  his  grosser  nature,  or  him  who  traverses  the  earth 
without  knowing  more  of  its  condition  than  it  knows  of  itself, 
and  never  for  an  instant  imagined  the  sense  of  the  phrase, 
“ the  poetry  of  nature,”  yet  there  ig  a language  in  the  most 
fickle  of  all  things— the  morning  cloud.  As  the  face  of  man 
portrays  the  passions  by  which  the  mind  is  governed,  and  their 
intensity,  so  the  clouds  of  heaven  give  evidence  of  the  causes 
by  which  the  atmosphere  is  held  in  control,  and  a philosophical 
laiowledge  of  the  influence  of  those  causes  enables  an  individual 
to  prognosticate  future  results  from  present  appearances. 


THE  CIRRUS. 


This  modification  of  cloud  has  a less  density,  and  generally 
a greater  elevation,  than  any  other.  Sometimes  it  may  be  seen 
stretching  over  the  half  of  the  hemisphere,  and  at  other  times 
it  may  appear  as  small  thin  streaks,  here  and  there  pencilled 
upon  the  clear  blue  sky.  Its  duration  is  as  variable  as  its 
extent ; for  although  it  will  frequently  retain  the  same  form 
for  many  hours,  it  does  occasionally  change  in  appearance  so 
rapidly  as  not  to  be  recognised,  after  a few  minutes,  as  the 
cloud  which  was  first  obseiwed.  Its  direction  is  not  less  various 
From  the  primitive  threads  which  are  first  formed,  others  are 
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thrown,  either  laterally,  or  upwards  and  downwards,  and  all 
become  in  time  the  branches  of  new  shoots ; while,  under  dif- 
ferent circumstances,  transverse  lines  are  formed,  which,  inter- 
secting the  lateral  threads,  produce  a reticulated  structure. 
There  is,  in  fact,  no  modification  that  is  so  various  in  its  extent, 
duration,  and  form,  as  the  cirrus ; but  it  appears  to  be  more 
constant  in  all  these  particulars  when  produced  at  great  heights, 
than  when  at  a small  elevation. 

The  cirrus  has  been  considered  the  sign  of  wind ; but  it  is 
ever  desirable  to  remember,  that  when  we  prognosticate  atmo- 
spheric changes  from  the  presence  or  appearance  of  clouds,  we 
must  be  careful  to  consider  the  circumstances  under  which 
they  are  formed.  Horizontal  sheets  of  cirri  frequently  attend 
wet  weather,  ever  changing  here  and  there  into  cirri-stratus ; 
and  small  groups  of  the  same  cloud  are  generally  distributed 
over  the  sky  during  fine  weather.  When  the  cirrus  precedes 
a storm,  it  is  lower  and  denser  than  at  other  times,  and  gene- 
rally rises  in  a direction  opposite  to  that  in  which  the  storm 
advances. 

It  is  now  generally  supposed  by  meteorologists  that  the  cirrus 
acts  the  part  of  an  electric  conductor  from  cloud  to  cloud,  or 
from  one  mass  of  air  to  another.  This  supposition  is  war- 
ranted by  the  form  of  the  cloud,  and  it  is  worthy  remark  that 
phenomena,  usually  attributed  to  electricity,  frequently  attend 
the  long-continued  presence  of  this  cloud,  when  accompanied 
with  dry  easterly  winds. 

The  cirrus  has  been,  not  inappropriately,  called  the  Proteus 
of  the  sky.  The  variety  of  form  it  assumes  may  possibly  at 
first  confuse  the  student;  but  a little  perseverance,  and  an 
attentive  examination,  will  soon  enable  him  to  detect  it  under 
all  the  varied  forms  it  presents.  It  might  be  desirable  to 
arrange  the  cirri  in  different  classes,  for  we  are  convinced  that 
the  several  kinds  cannot  be  traced  to  precisely  the  same  causes, 
aud  are  not  the  hai-bingers  of  the  same  results.  Dr.  Forster 
appears  to  have  made  an  arrangement  of  this  kind,  and  we  may 
be  permitted  to  quote  his  judicious  remarks  on  the  subject.  “ Of 
late,  by  way  of  distinction,  I have  used  certain  specific  names 
for  the  various  forms  of  each  modification.  1 have  called  this 
net-like  feature,  the  reticular  cirrus.  Those  which  are  local 
and  detached,  and  which  ramify  in  many  directions,  giving  the 


104 


THE  EUMUEUS. 


idea  of  a distended  lock  of  hair,  may  be  denominated  comoid 
cirri.  Sometimes  numerous  little  filaments  appear,  like  bundles 
of  thread,  which  I have  called  filiform  cirri.  In  fair,  dry 
weather,  with  light  gales,  obliquely  descending  bands  of  fibrous 
texture  are  often  seen,  and  frequently  move  slowly  along  from 
the  leeward  in  a supervening  current.  I by  no  means  intend, 
by  the  above  account,  to  infer,  that  the  appearances  of  the  dif- 
ferent kinds  of  cirri,  or  indeed  of  any  cloud,  are  ever  quite 
uniform ; on  the  contrary,  scarcely  two  occur  exactly  alike ; 
and  there  are  many  features  so  various  and  so  mixed,  that  a 
particular  description  of  each  can  scarcely  be  attempted.  In 
some  kinds  of  weather,  the  numberless  and  ever -changing 
figures  which  this  cloud  is  continually  presenting  to  the  eye, 
baffle  all  attempts  at  description.  Observation  affords  the  only 
means  of  becoming  acquainted  with  them.”  Some  such  arrange- 
ment as  that  adopted  by  Dr.  Forster  is  desirable ; but  it  should 
be  entirely  founded  upon  observation,  for  in  such  a one  all 
meteorologists  might  agree. 


THE  CUMULUa 


The  Cumulus  is  a dense  hemispherical  lump  of  cloud,  rising 
from  a horizontal  base,  and  is  generally  formed  in  the  lowest 
regions  of  the  atmosphere.  Its  first  appearance  is  as  a small 
irregular  cloud;  but  previous  to  rain  it  rapidly  increases  in  size; 
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mass  rolls  upon  mass,  often  presenting  the  appearance  of  an 
aerial  mountainous  scene ; hill  capping  hill,  tinged  with  an 
ever-varying  light.  When  it  is  the  harbinger  of  rain,  its  sur- 
face presents  a ileecy  appearance,  and  is  formed  in  dense  masses 
in  lower  strata  of  the  atmosphere  than  usual.  In  fair  weather, 
the  cumulus  has  a well-defined  rounded  surface,  and  frequently 
increases  or  diminishes  with  the  temperature,  lasting  in  one 
form  or  the  other  throughout  the  whole  day.  Mr.  Howard, 
speaking  of  this  modification  of  clouds,  says,  “ Independently  of 
the  beauty  and  magnificence  it  adds  to  the  face  of  nature,  the 
cumulus  serves  to  screen  the  earth  from  the  direct  rays  of  the 
sun,  by  its  multiplied  reflections  to  diffuse,  and,  as  it  were,  to 
economise  the  light ; and  also  to  convey  the  product  of  evapora- 
tion to  a distance  from  the  place  of  its  origin.  The  connexion 
of  the  finer  round  forms  and  more  pleasing  dispositions  and 
colours  of  these  aggregates  (with  warmth  and  calmness),  and  of 
everything  that  is  dark,  and  abrupt,  and  shaggy,  and  blotched, 
and  horrid  in  them  (with  cold,  and  storm,  and  tempest),  maybe 
cited  as  no  mean  instance  of  the  perfection  of  that  wisdom  and 
benevolence  which  formed  and  sustains  them.” 


THE  STRATUS. 


The  term  Stratus  includes  all  those  creeping  mists  which, 
during  the  night,  and  particularly  in  the  summer  months,  are  seen 
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to  rise  from  low  or  damp  situations.  It  is  spoken  of  by  writers 
as  the  lowest  of  all  clouds.  There  are  others,  however,  which, 
like  itself,  rest  their  lower  surface  upon  the  earth.  The  stratus 
generally  rises  after  sunset,  and  vanishes  soon  after  sunrise, 
being  gradually  separated  from  the  earth,  and  ultimately  dis- 
persed. This  modification  has  been  long  known  as  the  har- 
binger of  fair  weather,  and  it  is  almost  invariably  followed  by 
a serene  and  cheerful  day. 


THE  CIRRO-CUMULUS. 


The  Cirrus  sometimes  loses  its  fibrous  character,  and  its 
streaks  seem  to  contract  and  form  themselves  into  globular  oi 
irregular  masses,  arranging  themselves  horizontally,  and  sink- 
ing in  the  atmosphere — this  is  the  Cirro-cumulus.  It  has  been 
supposed  by  some  observers,  that  this  alteration  of  form  results 
from  the  cessation  (either  from  a change  in  its  structure,  or 
in  the  condition  of  the  air)  of  its  office  as  the  electrical  conductor 
of  the  atmosphere.  The  cirro-cumulus  is  frequently  seen  in 
dry  summer  weather,  and,  under  certain  circumstances,  in  the 
interval  between  showers.  The  nubeculae  of  the  cirro-cumulus 
sometimes  almost  cover  the  sky  on  a fine  summer’s  evening, 
while  at  other  times  they  are  well  defined,  and  far  separated 
from  each  other.  The  varying  forms  of  this  cloud  are  pecu- 
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liarly  beautiful ; and  there  is  no  modification  so  likely  to  attract 
the  attention  of  an  observer  of  nature.  But  although  it  is 
usually  the  forerunner  of  fine  weather,  it  is  not  always  the 
indicator  of  peace ; for  when  it  makes  its  appearance  with  the 
cumulo-stratus,  it  is  sure  to  be  followed  by  a storm. 


THE  CIRRO  STRATUS. 


The  Cirro-stratus  varies  in  form  almost  as  much  as  the 
cirrus  itself,  from  which  it  is  frequently  produced.  It  is,  like 
the  cirrus,  a fibrous  cloud ; but  the  fibres  are  more  dense,  and 
generally  more  regular  than  in  that  modification.  Its  appear- 
ance is  commonly  followed  by  rainy  and  windy  weather.  1 1 is 
that  modification  in  which  the  halo  most  frequently  appears, 
and  hence  it  is,  in  all  probability,  as  Mr.  Howard  suggests, 
that  this  phenomenon  has  been  considered  a prognostic  of  foul 
weather.  The  cirro-stratus  has,  under  certain  circumstances, 
so  much  the  appearance  of  shoals  of  fish,  that  it  has  been 
called  the  mackerel-back  sky.  But  at  other  times  it  presents 
a structure  which  warrants  the  term  of  Waved  cirro-stratus, 
and  is  then  generally  attended  by  high  temperature  and  thun- 
der-storms. 
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THE  CUMULO-STRATUS. 


TheCumulo-stratusis  a compound  modification,  and  being  a 
common  gradation  between  those  clouds  which  indicate  fair,  and 
those  which  bring  rough  and  rainy  weather,  it  is  frequently 
seen  in  all  those  countries  subject  to  sudden  and  repeated 
atmospheric  changes.  It  consists  of  cirro-stratus  blended  with 
cumulus,  and  frequently  appears  as  vast  banks  of  cloud  with 
overhanging  masses.  The  ever-varying  forms  of  this  cloud 
are  such  as  the  painter  durst  not  imitate,  lest  he  should  be 
charged  with  a parody  of  nature.  We  have  often  found 
amusement  in  the  days  of  childhood,  and  in  riper  years,  in 
tracing  the  outlines  of  well-known  forms  in  burning  embers, 
but  these  do  not  furnish  half  so  prolific  a field  for  the  exercise  of 
imagination  as  the  cumulo-stratus.  Here  are  pictured,  in  bold 
and  determined  outline,  the  ruined  tower,  with  its  heroes  and 
demi-gods,  the  majestic  mountain,  giants,  fairies,  and  scenes  of 
by -gone  days : 

**  Sometimes  we  see  a cloud  that*s  dragonish  ; 

A vapour,  sometimes,  like  a bear  or  lion, 

A towered  citadel,  a pendent  rock, 

A forked  mountain,  a blue  promontory, 

With  trees  upon ’t  that  nod  unto  the  world 
And  mock  our  eyes  with  air. 

That  which  is  now  a horse,  even  with  a thought 
The  rack  disllmns,  and  makes  it  indistinct 
As  water  is  in  water." 


THE  CUMULO-CIRRO-STBATUS. 
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The  cumulo-stratus  gives  a very  majestic  character  to  moun- 
tainous scenery,  and  Mr.  Harvey  accurately  described  its  appear- 
ance to  an  observer,  when  he  said,  it  resembled  a curtain  drop- 
ping among  the  hills,  and  enveloping  their  summits,  the  hills 
themselves  reminding  us  of  the  massy  Egyptian  columns  which 
support  the  flat-roofed  temples  of  Thebes  and  Tentyra.  The 
usual  outline  of  this  cloud,  however,  is  that  of  a fungus 
with  a thick  stem.  Its  appearance  may  sometimes  induce  a 
casual  obse.vver  to  imagine  the  speedy  fall  of  rain,  but  it  is  stated 
by  Mr.  Howard  and  others  that  rain  never  falls  from  the  cumulo- 
stratus. 


THE  CUMPLO-CIRRO-STRATUS,  OR  NIMBUS. 


The  Nimbus  has,  generally,  its  origin  in  the  cumulus.  Vast 
masses  of  cumuli  may,  under  favourable  circumstances,  be  seen 
in  rough  weather,  previous  to  the  fall  of  rain,  to  lift  themselves 
into  towering  mountains  of  cloud,  and  by  an  insensible  change 
to  take  the  structure  of  the  cumulo-stratus.  After  a short 
interval  the  clouds  become  more  dense,  and,  increasing  in  irre- 
gularity and  extent,  form  themselves  into  the  nimbus  or  rain- 
cloud.  It  is  worthy  of  remark, that  when  the  cumulo-stratus 
is  produced,  lengthened  masses  of  cirro-stratus  often  cap  it,  and 
the  quantit}'  of  rain  seems  to  be,  in  some  degree,  proportional  to 
the  extent  of  the  cirri. 
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The  nimbus  is  so  readily  distinguished,  that  an  observer  who 
is  ignorant  of  any  classification  of  clouds  can  generally  detect 
it,  although  the  cumulus  and  cumulo-stratus  frequently  assume 
a darker  and  more  threatening  aspect.  Experience,  however, 
guides  us,  and  we  are  frequently  able  to  recognise  objects  which 
we  cannot  describe. 

Clouds  are  so  often  in  an  electrified  condition,  that  Beccaria 
and  others  have  thought  that  their  formation  is  attributable  to 
this  cause.  But  whether  their  opinion,  which  in  the  present 
state  of  our  knowledge  can  neither  be  proved  nor  disproved, 
is  founded  in  truth  or  not,  we  do  know  that  clouds  are  fre- 
quently the  reservoirs  of  electricity,  and  that  the  agent  is 
in  a state  of  great  intensity.  In  August  1772,  a bright 
cloud  was  observed  covering  a mountain  in  Cheribon,  in 
the  island  of  Java,  and  loud  sounds,  resembling  the  dis- 
charge of  artillery,  were  heard  from  it.  A part  of  this  cloud 
detached  itself  from  the  mass,  and,  covering  over  a circum- 
ference of  about  three  leagues,  was  seen  to  rise  and  fall,  as 
though  it  were  perpetually  under  the  influence  of  two  opposing 
forces,  discharging  large  globes  of  fire,  which  illuminated  the 
whole  country.  Its  effects  were  most  terrible  for  seven  leagues 
round ; houses  and  plantations  were  destroyed,  and  upwards  of 
two  thousand  persons  were  killed.  There  are, however,  some 
cases  in  which  electricity  from  the  earth  strikes  the  cloud.  A 
very  remarkable  instance  of  this  is  mentioned  by  Brydone,  in 
which  the  electric  action  of  the  earth  melted  part  of  the  tire  of 
a cart-wheel. 

Other  modifications  of  cloud  are  sometimes  charged  with 
electricity; but  the  nimbus  is  always  in  an  electrified  condition, 
although  it  is  not  always  placed  in  those  circumstances  which 
cause  the  electric  agent  to  assume  that  free  state  in  which  its 
presence  is  displayed  to  the  senses.  The  nimbus  is  invariably 
the  source  of  a thunder  storm ; and  its  dark  and  apparently 
compact  structure  seems  to  be  rent  by  the  violent  expanding 
force  of  the  devastating  agent,  as  it  darts  from  cloud  to  cloud, 
or  cleaves  its  way  to  the  earth.  The  form  of  the  rain-cloud  is 
modified  by  the  intensity  of  its  accumulated  electricity,  but  in 
what  degree  has  not  been  determined. 

There  are  appearances  sometimes  assumed  by  clouds  which 
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cannot  be  assigned  to  any  of  the  classes  which  have  been 
described,  but  these  are  transient  and  quickly  take  some  of  the 
modifications  we  have  explained.  Many  other  particulars  have 
been  ascertained  concerning  the  constitution  and  structure  of 
clouds,  their  appearances,  position  and  results,  which  we  cannot 
now  attempt  to  enumerate. 

RAIN. 

The  vapour  carried  into  the  atmosphere  by  the  process  of 
evaporation  is  frequently  brought  to  the  earth  again  as  rain.  It 
is  easy  to  account  for  the  fall  of  rain ; but  philosophers  are  not 
agreed  as  to  the  mode  of  its  formation,  and  are  unable  to  account 
for  the  variation  in  the  quantity  that  falls  in  different  countries. 
No  subject  connected  with  general  physics  is  more  involved  in 
mystery  than  this.  The  difficulty  partly  depends  upon  our 
inability  to  account  for  the  change  of  temperature  which  is 
supposed  to  be  the  cause  of  rain,  and  partly  from  the  impossi- 
bility of  understanding  how  the  change  of  temperature  does 
produce  the  phenomenon.  Even  in  places  where  there  is  little 
or  no  variation  in  the  annual  mean  temperature,  there  may  be 
a great  variation  in  the  annual  quantity  of  rain;  a circumstance 
which  induces  us  to  believe  that  there  are  local  and  temporary 
deranging  causes,  which  it  is  almost  impossible  to  estimate. 
We  can  only  attempt  to  explain  the  opinions  which  have  been 
entertained  by  philosophers,  and  to  mention  a few  of  those 
facts  which  have  been  established  by  experiment  or  observa- 
tion. 

It  is  universally  agreed  that  rain  is  produced  by  the  con- 
densation of  vapour  drawn  into  the  atmosphere  by  the  process 
of  vaporisation.  The  question  of  dispute  is,  why  does  the 
vapour  separate  from  the  atmosphere  and  fall  in  a liquid  state 
to  the  earth?  We  might  suppose  it  to  arise  from  the  coldness 
of  the  atmosphere  at  the  time,  but  it  not  unfrequently  happens 
that  rain  falls  very  abundantly  when  the  air  is  most  heated. 
We  have  little  doubt  that  this  subject,  and  many  other  branches 
of  meteorology,  will  be  relieved  from  the  perplexing  circum- 
stances which  now  attend  their  explanation,  when  w'e  are  better 
acquainted  with  the  influence  of  atmospherical  electricity,  an 
agent  already  known  to  exert  an  immense  influence  upon  the 
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conditions  of  terrestrial  phenomena.  Neither  vaporisation  nor 
liquefaction  can  be  effected  without  its  development ; and, 
existing  as  it  does  in  all  matter,  it  may  be  supposed  to  exert 
some  influence  in  every  change  of  state.  Some  philosophers 
have  attempted  to  explain  the  phenomenon  of  rain  by  a reference 
to  this  agent,  but  we  are  not  sufficiently  acquainted  with  its 
conditions  to  determine  its  true  influence  upon  atmospheric 
phenomena. 

Dr.  Hutton’s  explanation  of  the  production  of  rain  is  very 
ingenious,  and  has  been  adopted  by  many  meteorologists  as  better 
accounting  for  the  phenomenon  than  any  other  theory.  Rain, 
according  to  Hutton’s  hypothesis,  results  from  tlie  union  of 
extensive  strata  of  air,  charged  with  moisture,  and  having  diffe- 
rent temperatures.  It  is  well  known  to  philosophers,  that  the 
quantity  of  aqueous  vapour  that  can  be  contained  by  the  atmo- 
sphere differs  according  to  the  temperature  of  the  air  at  the  time. 
Air  at  a given  temperature  may  be  saturated,  and  the  condition 
under  which  this  effect  is  produced  has  been  already  explained; 
but  raise  the  temperature,  and  it  will  be  in  a state  to  absorb 
more  moisture  ; lower  the  temperature,  and  it  must  part  with 
some  that  it  possesses.  Let  it  then  be  supposed  that  two 
saturated  masses  of  air,  having  unequal  temperatures,  and 
consequently  containing  an  unequal  amount  of  humidity,  meet 
each  other ; their  contact  will  produce  a conduction  of  heat 
tending  to  give  an  equality  of  temperature.  A mean  tempera- 
ture will  be  produced,  which  must  be  low'er  than  the  tempera- 
ture of  one  of  the  masses,  and  if  the  quantity  of  moisture  be  too 
great  for  the  degree  of  heat,  a portion  of  it  must  be  precipitated 
as  rain.  The  whole  of  this  explanation  then  depends  upon 
the  fact  that  temperature  and  solution  do  not  increase  by 
equal  increments.  Many  objections  have  been  made  to  the 
theory,  and  there  are  many  facts  for  which  it  does  not  readily 
account;  but  these  cannot  be  urged  as  a proof  of  its  inaccuracy, 
as  they  may  depend  on  local  circumstances  which  modify  the 
common  results. 

Mr.  Harvey,  has  so  well  illustrated  by  numerical  examples 
Dr.  H utton’s  theory  in  an  excellent  paper  worthy  its  place  in 
the  Encyclopaedia  Metropolitana,  that  we  cannot  deny  ourselves 
the  pleasure  of  a quotation.  “ Let  it  be  required  to  mingle  two 


HARVEY  S ILLUSTRATION. 


113 


volumes  of  air,  of  the  temperature  of  40°  and  60°,  each  being 
saturated  with  humidity.  The  forces  of  vapour  at  these  tempe- 
ratures are  known  to  be  respectively  0 263  and  0’524  inches  of 
the  mercurial  column.  The  compound  mixture  will  evidently 
have  a mean  temperature  of  60°,  and  the  mean  of  the  elastic 
forces  is  at  the  same  time  0-393  inches  of  the  same  column. 
But  if  we  now  inquire  whether  air  at  the  temperature  of  50° 
requires  an  elastic  force  of  this  last-mentioned  magnitude  to 
saturate  it  entirely  with  vapour,  we  shall  find  that  it  does  not ; 
and  that  at  the  mean  temperature,  here  referred  to,  the  measure 
of  entire  saturation  is  really  0-375  niches  of  quicksilver.  The 
difference  of  the  two  columns,  or  O'OIS  inches  of  mercury,  is 
hence  the  amount  of  moisture  that  must  be  precipitated  in  some 
way  or  other  from  the  compound  mass. 

“To  prove,  moreover,  that  this  precipitation  cannot  be  con- 
stant for  equal  differences  of  temperature,  let  us  further  take  the 
example  of  the  temperatures  60°  and  80°.  In  this  case  we  shall 
find  the  elastic  forces  to  be  0'524  and  I'OOO ; and  that  at  the 
mean  temperature  of  70°,  the  force  of  vapour  is  0'721  inches. 
But  the  mean  of  the  two  elastic  forces  is  0'762,  thereby  proving 
that  a quantity  of  vapour  corresponding  to  0’041  inches  of  the 
mercurial  column  must  be  discharged  the  moment  the  aerial 
volumes  are  united. 

“ The  order  of  nature,  however,  requires  that  rain  should  not 
always  result  from  the  mingling  together  of  opposite  currents, 
and  the  theory  before  us  amply  confirms  it.  Two  volumes  of 
the  temperature  of  50°  and  60°  may  be  blended,  one  of  which 
contains  vapour  denoted  by  0’2  inches  of  mercury,  and  the  other 
by  0'3,  the  mean  being  0'25  ;■  whereas  the  quantity  necessary 
for  entire  saturation,  at  the  mean  temperature  of  55°,  is  0'443. 
In  such  a case  it  is  obvious  no  precipitation  can  take  place.  One 
volume,  again,  may  have  a temperature  of  52°,  and  be  in  a state 
of  entire  saturation,  its  elastic  force  being  0-401 ; but  the  volume 
to  be  united  to  it,  with  a temperature  of  70°,  containing  moisture 
equivalent  only  to  0-689.  The  mean  amount  of  moisture  will 
therefore  be  0-495  ; whereas  the  humidity  necessary  to  produce 
saturation  at  the  mean  temperature  of  61°  is  0-542,  so  that  no 
precipitation  can  take  place.  It  is  evident,  indeed,  that  combi- 
nations of  this  kind  may  be  endless,  the  absence  of  precipitation, 
as  well  as  the  amount  of  it  when  it  takes  place,  depending  on 
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circumstances  so  varied  and  uncertain,  as  to  afford,  on  the  one 
hand,  a shower  so  gentle,  as  hardly  to  bear  the  designation  of 
rain,  and  on  the  other  to  supply  the  torrents  which  occasionally 
deluge  the  tropics.  Not  only  the  existing  state  of  the  moisture 
in  the  mingling  columns  must  be  subject  to  innumerable 
changes,  but  their  different  degrees  of  heat  must  be  altered  also; 
the  elevation  of  their  mean  temperature  too,  as  well  as  the 
extent  of  combination  which  takes  place  among  all  the  moving 
volumes,  must  impress  necessarily  upon  the  whole  of  the  phe* 
nomena  the  greatest  diversity.” 

The  quantity  of  rain  that  falls  in  a place  seems  to  be  in  some 
degree  affected  by  these  circumstances : — its  position  in  relation 
to  the  equator ; its  proximity  to  the  sea ; and  its  elevation. 

1.  The  largest  quantity  of  rain  falls  at  or  near  the  equator, 
and  progressively  decreases  to  the  poles ; a fact  which  seems  to 
be  in  some  degree  substantiated  by  the  fulness  and  magnitude 
of  the  equatorial  rivers.  Humboldt  has  given  the  following  table 
as  the  result  of  the  caleulation  he  made  of  the  proportional 
ql'antity  of  rain  in  different  latitudes. 

Latitude-  Mean  annual  depth  of  Bain. 

0° 9G  inches. 

19” 80  „ 

460 29  „ 

60” 17  „ 

But  although  we  speak  of  a relation  between  the  latitude  of  a 
place  and  the  quantity  of  rain  that  falls  there,  it  must  not  be 
supposed  that  there  is  any  constant  average  throughout  a 
parallel.  Local  causes  interfere  to  prevent  such  a result.  A 
less  quantity  of  rain  falls  upon  the  sea  than  on  the  land,  there 
being  on  the  former  no  elevation  around  which  the  clouds  are 
attracted ; and  a greater  quantity  will  faU  in  mountainous  than 
in  lowland  districts. 

2.  Rain  falls  more  abundantly  on  sea-coasts  than  in  inland 
places,  although  they  may  be  in  every  other  circumstance 
similarly  situated  and  have  the  same  general  physical  features. 
It  has  been  supposed,  and  not  without  evidence,  that  atmo- 
spheric humidity  decreases  in  a geometrical  proportion  with 
the  distance  from  the  sea.  This  is  an  effect  which  might  be 
expected,  as  the  supply  of  vapour  is  most  abundant  near 
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large  bodies  of  water.  But  it  is  still  to  be  determined  why  it 
should  be  more  condensed  on  the  coast  than  inland,  and  must  be 
explained  according  to  the  generally  adopted  theory. 

8.  Mountainous  countries  are  always  more  humid  than  level 
ones.  Mountains,  when  acted  upon  by  the  sun,  heat  the  air 
which  is  in  contact  with  them,  even  in  the  cold  regions  of  the 
upper  atmospheric  strata.  These  heated  masses  of  air  absorb 
the  moisture  from  the  colder  columns  around,  but  meeting 
with  humid  masses  of  lower  temperature,  or  cooled  by  the 
constant  abstraction  of  their  heat,  the  humidity  becomes  too 
great  for  the  temperature,  and  rain  is  produced.  At  Keswick 
and  Kendal,  in  our  own  country,  both  situated  among  the 
mountains  of  Cumberland,  the  annual  fall  of  rain  is  about 
sixty-seven  and  fifty-nine  inches  respectively,  while  the  average 
in  places  situated  in  the  interior  is  not  more  than  twenty-four 
inches.  The  quantity  of  rain  that  falls  in  the  Julian  Alps 
is  estimated  at  100  inches  annually,  though  in  the  valley  of 
Lombardy  it  does  not  exceed  thirty-five  inches. 

There  are  some  countries  in  which  rain  falls  during  particu- 
lar periods  of  the  year.  There  are  others  in  which  it  has  not  the 
character  of  periodicity,  though  it  may  fall  in  greater  abundance 
in  one  part  of  the  year  than  in  another.  This  is  the  case  in  our 
own  country,  the  greatest  quantity  of  rain  generally  falling  in 
September,  October,  and  November.  In  India  and  many  other 
countries,  the  fall  of  rain  is  confined  to  certain  months,  an  un- 
clouded sky  being  presented  at  all  other  times  of  the  year. 
There  is  no  fact  that  proves  more  strongly  the  importance  of 
considering  local  causes,  than  the  circumstance,  that  by  these 
the  rainy  periods  are  sometimes  decided.  In  Bombay,  for  in- 
stance, the  heavy  rains  fall  in  June  and  the  four  following  months ; 
but  on  the  Coromandel  coast,  in  the  opposite  months  : a result 
produced,  in  all  probability,  by  the  Ghauts.  Those  places  where 
the  atmosphere  is  exposed  to  a periodical  change  in  the  direction 
of  its  currents,  are  subject  to  periodical  rains.  This  is  the  case 
with  the  islands  situated  under  the  line  in  the  Indian  Ocean. 
Heavy  rains  fall  during  the  summer  solstice  in  the  tropical 
regions  of  Africa  and  Asia;  for  the  place  of  the  heated  air  is 
occupied  by  a humid  atmosphere  from  the  neighbouring  seas, 
and  the  vapour  is  condensed. 

During  the  continuance  of  the  trade-winds,  rain  is  a very 
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uncommon  circumstance  in  the  places  over  which  they  blow. 
On  account  of  the  uniformity  of  temperature,  the  aqueous 
vapour  is  carried  upward,  and  is  at  the  same  time  steadily 
moved  onward  without  a chance  of  condensation.  But  as  soon 
as  it  is  beyond  the  influence  of  these  winds,  it  meets  with  masses 
having  different  temperatures,  and  rain  is  produced.  It  is  a 
singular  circumstance  that  the  heavy  rains  of  India  fall  during 
the  shifting  of  the  monsoons ; and  it  must  have  been  observed 
that,  in  England,  a dry  season  is  always  attended  by  an  almost 
uniform  wind,  while  wet  seasons  are  as  constantly  accompanied 
by  an  unsteady  and  variable  motion  of  the  atmosphere. 

There  are  some  places  in  which  rain  is  almost  constantly 
falling.  A small  rain  falls  every  day  in  a zone  on  that  side  of 
the  equator  on  which  the  sun  is  situated,  and  when  it  ceases  at 
night  it  commences  on  the  other  side.  But  there  are  also  some 
places  in  which  rain  seldom  or  never  falls,  as  in  the  great  desert 
of  Africa  and  on  the  arid  shore  of  Peru,  between  the  15®  and  30® 
of  south  latitude. 

SNOW. 

As  the  atmosphere  as  well  as  the  earth  is  subject  to  a varia- 
tion of  temperature,  the  moisture  which  is  precipitated  by  the 
union  of  atmospheric  masses  of  unequal  temperature  and  humi- 
dity may  fall  in  a solid  as  well  as  in  a liquid  state.  In  the 
winter  months,  even  in  our  own  country,  when  a decreased 
radiation  reduces  the  temperature  of  the  atmosphere  below  the 
freezing  point,  snow  is  a constantly-occurring  phenomenon. 

When  flakes  of  snow  are  carefully  examined  with  a micro- 
scope, they  are  found  to  be  composed  of  a mass  of  beautiful 
crystals,  having  a more  or  less  perfect  and  regular  shape.  Dr. 
Nettis,  of  Middleburgh,  was  the  first  to  describe  these  appear- 
ances, which  he  did  in  1740.  This  observer  very  carefully 
delineated  some  of  the  figures  which  the  crystallisation  presented, 
and  of  these  there  is  an  almost  endless  variety.  But  we  are 
chiefly  indebted  to  Captain  Scoresby  for  our  information  on  this 
interesting  subject,  who  availed  himself  of  his  opportunities, 
during  his  polar  voyages,  of  not  only  sketching  some  of  the  most 
remarkable  figures,  but  of  measuring  the  crystals  themselves. 
This  gentleman  has  classified  the  several  modifications  of  form 
he  observed,  but  it  would  be  unsuited  to  the  character  of  this 
work  to  detail  his  results. 
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The  amount  of  snow  falling  at  any  place  is  of  course  regu- 
lated by  the  mean  temperature,  or,  in  other  words,  by  the 
latitude,  elevation,  and  position.  According  to  Mr.  Scoresby,  it 
snows,  in  the  polar  regions,  nine  days  out  of  ten  during  April 
and  the  two  following  months,  the  heaviest  falls  being  always 
when  a humid  stratum  of  air,  from  the  sea,  is  met  by  a cold 
breeze  from  the  surface  of  the  ice. 

Snow  has  sometimes  been  observed  to  take  a red  or  orange 
colour.  This  appearance  is  supposed  by  some  to  arise  from 
the  presence  of  mineral  substances ; while  others  suppose  it 
to  arise  from  the  presence  of  animal  or  vegetable  matter. 

[It  is  a fact  well  known  to  entomologists,  that  many  species 
of  lepidopterous  insects,  on  emerging  from  their  chrysalis 
state,  immediately  before  taking  their  flight  into  the  air,  eject 
a red  fluid  from  the  anus,  which,  of  course,  forms  a red  spot 
wherever  it  falls ; and  this  (when  vast  quantities  of  the  species 
have  simultaneously  attained  the  perfect  state  in  a particular 
district)  has  given  rise  to  the  stories  of  “ bloody  rain.’’] 

Snow-storms  sometimes  present  a luminous  appearance. 
This  singular  phenomenon  has  been  frequently  observed,  and 
we  have  one  very  remarkable  instance  on  record.  It  was 
witnessed  in  the  year  1813  by  a party  of  gentlemen  on  Loch 
Awe,  in  Argyleshire  ; and  it  not  only  gave  to  the  suiTounding 
scenery  the  appearance  of  an  immense  sheet  of  fire,  but  illu  - 
minated  the  clothing  of  the  individuals  who  composed  the  party. 

Natural  snow-balls  are  sometimes  formed  by  the  passage  of 
a high  wind,  over  the  surface  of  the  fallen  snow.  When  once 
formed,  their  size  rapidly  increases,  by  a continued  motion ; for 
as  they  roll  along  they  increase,  and  sometimes  attain  a consider- 
able size.  Mr.  SherrifF  states, that  in  February  1830  he  observed 
many  of  these  balls  in  East  Lothian,  some  of  which  were  a foot 
and  a half  in  diameter.  They  were  produced  by  a westerly 
wind,  and  had  left  their  track  impressed  upon  the  snow.  In 
one  village,  much  exposed  to  the  west,  they  were  exceedingly 
numerous. 

We  can  scarcely  avoid  a remark,  which  may  appear  to  be 
little,  if  at  all,  connected  with  an  explanation  of  the  fall  of  snow, 
though  it  cannot  fail  to  assist  in  the  proof  of  a statement  already 
made,  that  electricity  is  always  developed  by  atmospheric 
changes.  Snow  is  universally  in  an  electrified  state,  and  as  far 
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as  our  own  observations  have  extended,  generally  positive  ; but 
the  condition  is  changed  by  liquefaction.  Many  persons  are 
sceptical  as  to  the  universal  influence  of  electricity  ; and  in  the 
present  uncertain  state  of  the  science,  so  far,  at  least,  as  regards 
the  condition  of  the  atmosphere  and  the  causes  which  mflu- 
ence  it,  they  need  not  be  at  a loss  for  arguments  to  support 
their  opinions.  But  when  we  discover  that  so  simple  a process 
as  that  of  congelation  cannot  be  carried  on  without  the  develop- 
ment of  the  agent  which,  in  other  states,  produces  some  of 
the  most  awful  phenomena  we  witness  above  and  around  us, 
there  can  be  nothing  very  absurd  in  the  supposition  that  it 
may  have  something  to  do  with  many,  if  not  all,  the  meteo- 
rological changes.  This  is  not  merely  an  opinion;  it  is,  we 
think,  warranted  by  our  own  experiments,  and  rendered  pro- 
bable by  the  experiments  which  have  been  made  by  others. 


HAIL. 

In  England  we  are  fortunately  little  subject  to  violent  hail- 
storms, and  this  may  account  for  the  small  attention  we  have 
given  to  the  subject.  In  the  south  of  France  they  are  frequent, 
and  produce  the  most  destructive  effects  : the  French  philoso- 
phers have  therefore  closely  studied  the  phenomenon. 

From  among  the  many  theories  which  have  been  invented  to 
account  for  hail,  we  may,  first  of  all,  select  that  which  \^’as 
proposed  by  the  celebrated  Volta ; a theory  which  altogether 
depends  upon  the  admission,  that  clouds  are  in  opposite  electri- 
cal conditions.  If  we  take  two  metallic  plates,  and  place  tliem 
horizontally  one  above  the  other,  connecting  the  upper  with  the 
prime  conductor  of  a machine,  and  the  lower  with  the  ground, 
pith-balls  or  figures  lying  between  the  plates  will,  as  soon  as 
the  upper  plate  is  electrified,  be  attracted  to  it,  but  receiving  a 
part  of  its  electricity,  will  then  be  repelled,  because  bodies 
having  the  same  electric  condition  repel  each  other.  As  soon 
as  the  ball  or  figure  touches  the  lower  plate,  it  parts  with  all 
its  electricity,  and  is  again  attracted  by  the  upper ; so  that  there 
is  a constant  oscillation  produced  by  the  disturbance  and  restor- 
ation of  electric  equilibrium.  Now  Volta  supposes  the  same 
thing  to  be  going  on  in  the  clouds:  he  substitutes  the  black  clouds 
which  produce  hail  for  the  metallic  discs,  and  supposes  the 
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particles  of  hail  existing  between  them  to  undergo  the  same 
oscillatory  motion. 

This  celebrated  philosopher  accounts  for  the  first  formation 
of  hail  in  the  following  manner : — “ The  clouds  are  formed  of 
hollow  vesicles,  the  external  surface  of  which  is  fluid.  The 
myriads  of  these,  which  form  the  upper  surface  of  a cloud,  must 
imdergo  towards  the  south  a strong  evaporation,  both  on  account 
of  the  intensity  of  the  solar  rays  and  the  dryness  of  the  air  in 
which  they  swim.  The  elastic  vapour  thus  produced  by  the 
solar  heat,  must  first  saturate  the  dry  air  through  which  it 
passes,  and  at  length,  by  the  low  temperature  of  some  superior 
stratum,  become  again  reduced  into  a vesicular  state,  forming 
another  cloud,  differing  in  its  electrical  condition  from  the  first. 
The  upper  cloud  will  have  positive  electricity,  on  accoimt  of 
that  species  of  electricity  being  developed  during  the  precipi- 
tation of  vapour,  the  lower  having  changed  its  character  to 
negative,  in  consequence  of  the  evaporation  it  has  undergone. 
A diminished  temperature  at  length  may  produce,  between  the 
clouds,  icy  particles,  or  hail  in  a nascent  state,  which  the  oppo- 
site electrical  states  of  the  upper  and  lower  clouds  will  cause  to 
oscillate,  until,  by  gathering  matter  from  the  surrounding  mois- 
ture, they  become  at  length  enveloped  in  compact  and  opaque 
ice,  and  increasing  in  size,  gravitation  at  last  ovei’powers  the 
electric  forces,  and  they  fall.” 

It  has  been  objected  to  this  theory,  that  hail  sometimes  falls 
so  early  in  the  morning  that  the  sun  could  not  have  acted  on 
the  clouds  except  on  the  previous  day,  and  it  must  then  be 
admitted  that  the  hailstones  began  to  oscillate  between  the 
clouds  eight  or  ten  hours  before  they  fell.  Arago  urges  a still 
more  powerful  argument  against  the  theory,  when  he  asks  how 
it  is  that  the  clouds  are  not  brought  together,  for  they  are 
moveable,  and  may  be  supposed  to  attract  each  other  as  well  as 
the  hail.  It  might  also  be  asked  how  it  has  happened  that  the 
oscillatory  motion  has  never  been  observed ; for  it  is  more  than 
probable  that  some  traveller  must,  when  in  mountainous  coun- 
tries, have  passed  between  hail-clouds,  or  at  least  must  have 
been  so  near  to  them  as  to  have  witnessed  the  motion,  had  it 
been  existent.  Arago’s  objection  is  the  only  one  which  can  be 
fairly  urged  against  the  theory,  and  it  is  fatal  unless  answered 
upon  the  laws  of  electrical  attraction. 
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Mr.  Harvey,  to  whose  paper  on  meteorology  in  the  Encyclo* 
paedia  Metropolitana  we  have  already  referred,  adapts  Hutton’s 
theory  of  rain  to  this  phenomenon,  and  supposes  that  a difference 
of  temperature  is  of  itself  sufficient  to  account  for  the  formation 
of  haU.  But  to  this  theory  it  is  objected,  that  hail-storms  are 
not  always  most  abundant  in  cold  climates,  nor  most  frequent 
during  the  winter  months  ; that  hail- clouds  are  generally  low ; 
and  that  the  hailstones  are  sometimes  so  large  as  to  forbid  the 
supposition  that  they  were  produced  by  a change  of  temperature 
uninfluenced  by  other  causes.  But  at  the  same  time  it  must  be 
acknowledged  that  hail  and  rain  frequently  proceed  from  the 
same  cloud.  There  is,  in  fact,  a great  uncertainty  concerning 
the  origin  of  hail.  Facts  seem  to  combat  with  each  other ; and 
tlie  theory  which  readily  explains  some  of  the  circumstances 
that  attend  its  fall,  are  found  to  be  altogether  inadequate  for 
the  explanation  of  others.  In  France  and  Spain  it  generally 
hails  in  the  hottest  part  of  the  day,  chiefly  in  spring  and  sum- 
mer, and  but  seldom  during  the  night  or  in  the  winter  months. 
In  the  present  great  uncertainty  in  which  all  meteorologists  feel 
themselves  to  be  placed,  in  attempting  to  account  for  the  for- 
mation of  hail,  we  shall  only  remark,  that  there  is  some  evidence 
of  the  interference  of  electricity  in  this  as  well  as  in  other 
atmospheric  changes.  The  electrometer  is  always  in  a state  of 
agitation  upon  the  approach  of  a haU-cloud,  the  electric  con- 
dition of  the  atmosphere  frequently  changing  from  one  state  to 
another  ten  or  twelve  times  in  a minute;  and  some  suppose  that 
the  rattling  noise  which  precedes  the  fall  of  hail  is  attributable 
to  the  collision  of  the  stones  in  differently-electrified  conditions. 

Mr.  Stewart  has  given  a very  interesting  and  graphic  account 
of  a remarkable  hail-storm  in  the  Pyrenees.  “ In  August  1818, 
the  British  army  occupied  a range  of  mountain  district  extend- 
ing from  Roncesvalles  to  St.  Sebastian.  About  tliis  period,  the 
forces  under  Marshal  Soult  were  anxious  to  get  possession  of 
the  pass  of  Maya,  situated  at  the  top  of  the  Pyrenees,  and  one 
of  the  few  roads  on  the  western  ridge  by  which  cavalry  or 
artillery  can  enter  Spain.  A division  of  British  infanti-y  were 
ordered  to  take  possession  of  the  pass,  and  remain  there  tUl  two 
o’clock ; the  day  was  very  warm,  and  the  sky  clear  and  cloud- 
less. About  three  o’clock,  the  summits  of  the  adjoining  hills 
were  enveloped  in  a cloud  of  pitchy  darkness,  leaving  but  an 
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obscure  light  as  it  quickly  passed  over  our  heads,  and  pro- 
ducing a peculiar  noise  among  the  rocks.  As  the  troops  began 
to  descend  the  mountain,  they  were  overtaken  by  a violent 
hail-shower,  which  lasted  about  twenty  minutes,  and  created 
more  alarm  among  its  victims  than  the  approaching  contest. 
Contrary  to  my  expectations,  the  storm  was  unaccompanied 
with  either  thunder  or  lightning,  while  the  stones  increased  from 
the  size  of  a bean  to  that  of  a hen-egg.  These  were  transparent 
masses  of  ice,  round  in  form,  and  having  on  their  surface  icicles 
about  the  length  and  thickness  of  the  prong  of  a common  silver 
fork.  From  this  circumstance  I am  induced  to  believe  that  the 
hailstones  had  been  twice  as  large  in  the  higher  regions  of  the 
atmosphere,  and  before  they  reached  the  surface  of  the  earth,  as 
the  stones  themselves,  and  the  spiculse  or  icicles  on  the  suiface, 
had  all  the  appearance  of  being  partially  melted  down  by  heat. 
Fortunately  the  troops  had  their  backs  to  the  storm,  else  many 
of  them  must  have  lost  their  eyes  and  been  otherwise  maimed, 
from  the  weight  of  the  stones,  and  the  force  with  which  they 
fell.  1 have  heard  some  of  the  men  say  their  tin-kettles  were 
dinged  (or  dimpled)  by  the  shower;  and  I am  inclined  to  believe 
so,  from  the  circumstance  of  my  being  rendered  lame  for  twenty- 
four  hours,  by  one  of  them  falling  on  my  toe.  The  rattling  of 
the  stones  on  the  canteens  and  kettles  of  the  men,  and  their 
gradually  increasing  in  size  for  some  time,  rendered  the  scene 
truly  alarming,  even  to  those  who  had  been  in  the  daily  habit 
of  exposing  their  lives  to  the  dangers  of  war.  I am  not  aware 
of  the  extent  of  the  shower,  nor  have  I been  able  to  ascertain  its 
injurious  consequences  from  the  French  or  Basque  journals  ; 
but  from  the  damage  done  to  the  orchards  and  grain  at  the 
bottom  of  the  Pyrenees,  I should  suppose  it  to  have  occupied  a 
range  of  three  miles,  proceeding  from  Roncesvalles  into  the 
valley  of  Bastan.” 

DEW. 

The  term  dew  is  employed  to  designate  that  spontaneous 
deposition  of  moisture  which  is  observed  on  certain  substances, 
exposed  to  the  air,  at  a time  when  no  aqueous  vapour  or  rain  is 
apparently  falling. 

It  was  disputed  among  philosophers,  until  after  the  pub- 
lication of  Dr.  Wells’s  “Essay  on  Dew,”  whether  this  pheno- 
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menon  was  produced  by  vapours  rising  from  the  earth,  or  by  the 
descent  of  aqueous  vapour  contained  in  the  atmosphere.  Dr. 
Dufay,  a French  philosopher,  made  a singular  experiment  for 
the  purpose  of  determining  this  question.  He  took  two  long 
ladders,  and  fixing  them  so  that  they  met  at  the  top,  and  were 
wide  apart  at  the  bottom,  attached  to  the  several  steps  large 
panes  of  glass.  He  observed  that  the  lowest  surface  of  the 
lowest  pane  was  first  wetted,  then  the  upper,  then  the  lower 
surface  of  the  one  above  it,  and  so  on,  until  the  same  effect  had 
been  produced  upon  them  all.  From  this  result  he  deduced, 
that  dew  is  occasioned  by  the  exhalation  of  vapours  from  the 
earth  during  the  night.  He  afterwards  substituted  cloth  for 
the  glasses,  and  weighing  the  pieces  separately,  imagined  that 
he  detected  a progressive  increase  of  weight  in  the  several 
pieces,  the  lowest  being  the  heaviest ; but  this  result,  he 
says,  was  not  so  decided  as  he  expected  from  the  former 
experiment. 

In  opposition  to  this  theory,  and  in  proof  of  the  descent  of 
vapour,  it  was  urged,  that  in  cloudy  weather  little  or  no  dew  is 
formed.  But  Dr.  Dufay  had  observed  the  deposition  of  dew 
on  the  under  as  weU  as  the  upper  surface  of  bodies ; a fact  which 
seemed  to  be  directly  opposed  to  the  supposition  that  it  owed 
its  origin  to  the  descent  of  atmospheric  vapour.  In  answer  to 
this,  it  was  stated,  that,  as  more  rain  falls  at  the  base  than  on 
the  summit  of  mountains,  though  there  can  be  no  doubt  that  rain 
falls  downward,  so  dew  may  descend,  and  yet  be  formed  upon 
the  under  surface  of  bodies.  The  appearance  of  dew  on  the 
lower  surface  before  the  upper  was  attributed  to  the  cooling  of 
the  inferior  mass  of  the  atmosphere  before  the  superior. 

Neither  of  these  hypotheses,  however,  can  be  maintained. 
Dr.  Wells  has  proved  by  an  inductive  process,  founded  on  an 
ingenious  though  simple  series  of  experiments,  that  dew  is  pro- 
duced by  the  condensation  of  the  atmospheric  vapour  surround- 
ing the  bodies  on  which  it  is  deposited.  From  the  history  of 
the  opinions  which  have  been  entertained  on  this  subject,  by 
men  given  to  philosophical  pursuits,  we  may  learn  the  absolute 
necessity  of  building  all  our  opinions  upon  authenticated  and 
well-investigated  experiments,  fully  carried  out  under  the  guid- 
ance of  legitimate  deductions. 

The  theory  proposed  by  Dr.  Wells,  and  now  universally 
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adopted  by  philosophers,  depends  upon  two  principles, — the 
radiation  of  heat,  and  the  condensation  of  invisible  vapour. 
Before  dew  can  be  deposited  on  any  substance,  it  must  become 
colder  than  the  surrounding  atmosphere.  It  has  been  long 
known  that  dew  is  cold,  for,  as  Dr.  Wells  states,  both  Cicero 
and  Virgil  apply  to  it  the  epithet  “ gelidus and  Herodotus, 
speaking  of  the  crocodile,  says  that  in  Egypt  it  passes  the 
greater  part  of  the  day  on  land,  but  the  night  in  the  waters  of 
the  Nile,  they  being  warmer  than  the  nocturnal  atmosphere 
and  the  dew.  But  it  was  universally  supposed  that  dew  was 
the  cause  of  the  cold,  instead  of  which  it  is  the  effect,  and  is 
produced  by  the  radiation  of  heat  from  terrestrial  substances. 

Bodies  possess  different  powers  of  radiation  dependent  on 
their  constitution  : metals,  for  instance,  are  in  this  respect 
inferior  to  vitreous  substances,  and,  as  a general  law,  it  may 
be  stated,  that  bad  conductors  or  bad  reflectors  of  heat  are  good 
radiators.  But  the  power  of  radiation  greatly  depends  upon 
the  surface,  polished  surfaces  radiating  less  than  those  which 
are  uneven. 

In  the  consideration  of  the  phenomenon  in  question,  it  may 
be  necessary  to  mention,  first  of  all,  the  facts  which  have  been 
ascertained,  and  then  to  give  a reason  for  them. 

A plate  of  glass  placed  in  a horizontal  position,  or  a piece  of 
wool,  receives  very  readily  the  deposition  of  dew.  The  drops 
pendent  from  the  delicate  fibres  of  the  gossamer  must  have 
been  frequently  observed  by  every  lover  of  nature,  but  no  such 
effect  is  produced  upon  a polished  piece  of  metal ; it  retains  its 
lustre  though  every  blade  of  grass  may  be  drooping  with  the 
pressure  of  the  vapour  that  has  been  condensed  upon  it.  But 
why  do  some  bodies  admit  the  formation  of  vapour  upon  them, 
and  others  resist  its  deposition  ? All  bodies  radiate  heat  and 
at  all  times,  but  some  do  so  more  than  others.  Substances  that 
have  a close  and  compact  texture  do  not  generally  radiate  so 
readily  as  those  which  are  open  or  porous.  The  metals  belong 
to  the  first  class ; cloth,  wool,  and  swans’-down,  to  the  second. 
It  is  also  worthy  of  remark,  that  those  substances  which  radiate 
most  readily  are  the  worst  conductors  of  heat.  These  facts  lead 
at  once  to  the  deduction,  that  during  night  the  temperatures  of 
substances  must  be  different,  and  that  they  must  in  this  parti- 
cular be  governed  by  their  powers  of  radiation  and  conduction. 
'J'his  may  be  easily  proved  by  a thermometer ; for  if  wool  and 
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a metal  be  placed  under  the  same  circumstances,  the  tempera- 
ture of  the  former  will  invariably  be  found  lower  than  that  of 
the  latter. 

The  vapour  of  the  surrounding  air  will  be  condensed  upon 
the  bodies  which  have  a temperature  lower  than  that  of  the 
atmosphere.  The  deposition  of  dew  depends  upon  the  pro- 
duction of  a lower  temperature  in  the  body  bedewed  than  in 
the  atmosphere  which  surrounds  it.  Now  all  the  substances 
which  radiate  more  heat  than  is  conveyed  to  them  by  the  earth, 
must  have,  during  the  night,  a temperature  less  than  that  of 
the  air,  and  consequently  will  be  covered  with  a condensed 
vapour,  or,  in  other  words,  with  dew. 

But  it  has  been  stated,  that  some  conditions  of  the  atmo- 
sphere are  more  favourable  to  the  deposition  of  dew  than  others. 
Clouds  prevent  the  formation  of  dew  ; for  as  all  bodies  radiate 
heat,  clouds  do  so  as  well  as  terrestrial  substances,  and  there  is 
therefore  a mutual  action  between  them — both  givuig,  and  both 
receiving,  and  thus  the  temperature  is  in  some  degree  equalised, 
and  no  dew  is  formed.  The  same  effect  will  be  produced  if 
any  terrestrial  body  intervenes  between  the  sky  and  the  radi- 
ator. Even  a thin  wire  gauze,  suspended  over  a substance 
which  readily  admits  the  deposition  of  dew,  will  be  sufficient 
to  prevent  the  effect.  Dr.  Wells,  a man  as  admirable  for  the 
moral  qualities  of  his  mind  as  for  his  philosophical  acumen, 
gives  his  authority  to  this  statement : — “ 1 had  often,”  he 
says,  “in  the  pride  of  half-knowledge,  smiled  at  the  means 
frequently  employed  by  gardeners  to  protect  tender  plants  from 
cold,  as  it  appeared  to  me  impossible  that  a thin  mat,  or  any 
such  flimsy  substance,  could  prevent  them  from  attaining  the 
temperature  of  the  atmosphere,  by  which  alone  I thought  them 
liable  to  be  injured.  But  when  I had  learned  that  bodies  on 
the  surface  of  the  earth  become,  during  a still  and  serene  night, 
colder  than  the  atmosphere,  by  radiating  their  heat  to  the 
heavens,  I perceived  immediately  a just  reason  for  the  practice 
which  I had  before  deemed  useless.  Being  desirous,  however, 
of  acquiring  some  precise  information  on  this  subject,  I fixed, 
perpendicularly,  in  the  earth  of  a grass-plot,  four  small  sticks, 
and  over  their  upper  extremities,  which  were  six  inches  above 
the  grass,  and  formed  the  corners  of  a square,  the  sides  of 
which  were  two  feet  long,  drew  tightly  a very  thin  cambric 
handkerchief.  In  this  disposition  of  things,  therefore,  nothing 
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existed  to  prevent  the  free  passage  of  air  from  the  exposed  grass 
to  that  which  was  sheltered,  except  a cambric  handkerchief. 
The  temperature  of  the  grass  which  was  thus  shielded  from  the 
sky,  was  upon  many  nights  afterwards  examined  by  me,  and 
was  always  found  higher  than  that  of  the  neighbouring  grass 
which  was  uncovered,  if  this  was  colder  than  the  air.” 

It  must  have  been  frequently  observed  by  those  who  have 
enjoyed  the  freshness  of  nature,  when  the  sun  has  been  just 
rising  above  the  mists  of  the  morning,  that  dew  is  much  less 
abundantly  deposited  on  those  spots  protected  from  the  atmo- 
sphere by  the  spreading  branches  of  the  forest-trees,  than  on 
the  open  space  beyond  them.  Milton  alludes  to  this  fact  when 
he  says, — 

“ Full  forty  days  he  pass’d,  whether  on  hill 
Sometimes,  anon  on  shady  vale,  each  night 
Under  the  covert  of  some  ancient  oak, 

Or  cedar,  to  defend  him  from  the  dew.’* 


HOAR  FROST. 

Hoar  frost  is  produced  by  the  congelation  of  the  dew  which 
has  been  deposited  upon  bodies.  The  condensation  of  vapour 
must  always  precede  the  formation  of  hoar  frost.  From  what 
has  been  stated  in  relation  to  the  cause  of  dew,  it  will  not 
appear  singular  that  hoar  frost  may  be  produced  when  the  tem- 
perature of  the  air  is  above  that  which  is  necessary  for  freezing 
water.  The  temperature  of  bodies  is  lowered  by  radiation,  or 
dew  could  not  be  formed ; and  it  may  be  reduced  so  low  as  to 
freeze  the  water  which  has  been  condensed  upon  them.  Nor  is 
a frequent  change,  from  one  state  to  the  other,  during  the 
lapse  of  a few  hours,  uncommon  in  some  states  of  the  atmo- 
sphere. But,  in  general,  hoar  frost  is  formed  when  the 
temperature  of  the  atmosphere  is  below  the  freezing-point ; and 
in  the  ever-varying  climate  of  England  this  is  not  uncommon 
even  in  the  summer  months,  though  it  is  but  seldom  that  the 
temperature  remains  below  zero  for  many  hours. 

The  formation  of  hoar  frost,  and  also  its  abundance  or  scanti- 
ness, must  result  from  the  same  conditions  as  those  which 
regulate  the  formation  of  dew.  The  wide- spreading  plain 
fully  exposed  to  the  sky,  may  be  covered  with  a hoary  vesture 
of  whiteness,  when  the  little  patch  of  verdure,  leneath  the 
shadow  of  a shrub  or  a tree,  has  not  a leaf  with  so  much  as  a 
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single  ci'ystal  on  its  surface.  This  must  have  been  frequently 
observed  by  all  who  have  walked  abroad,  when 

**  The  grey-eyed  mom  smiles  on  the  frost’ning  night, 

Checkering  the  eastern  clouds  with  streaks  of  light ; 

And  flecked  darkness,  like  a drunkard,  reels 
From  forth  day’s  pathway,  made  by  Titan’s  wheels ; *’ 

but  there  are  some  men  who  have  not  seen 

“ The  sun  advance  his  burning  eye, 

The  day  to  cheer,  and  night’s  dank  dew  to  dry.” 

MISTS. 

The  term  mist  is  very  erroneou.sly  applied  to  all  those  accu- 
mulations of  vapour  which  are  visible  upon,  or  immediately 
over,  the  surface  of  the  earth.  It  is  a generic  designation,  and 
as  such  may  be  appropriately  employed ; but,  at  the  same  time, 
it  is  desirable  to  remember  that  all  mists  are  not  produced 
under  the  same  circumstances,  and  do  not  present  the  same 
appearances. 

Mists  are  frequently,  perhaps  we  might  say  usually,  formed 
over  masses  of  water.  The  cause  of  this  is  evident ; and  an 
examination  of  the  circumstances  under  which  the  phenomenon 
appears,  will  probably  lead  us  to  a tolerably  accurate  estimate 
of  the  agency  by  which  mists  are  commonly  produced. 

When  the  sun  ceases  to  throw  its  rays  upon  the  surface  of  the 
earth,  exceedingly  different  results  are  produced  on  the  land 
and  water.  The  earth  radiates  its  heat  rapidly ; but  while  the 
transmission  of  heat  from  the  land  is  confined  to  an  immoveable 
surface,  the  face  of  the  water  is  continually  changing,  and  as 
quickly  as  one  stratum  is  cooled,  whether  by  radiation  or 
evaporation,  it  sinks  and  another  of  lower  temperature  rises. 
The  superficial  extent  of  water  is  therefore  continually  chang- 
ing, until  the  whole  mass  is  reduced  to  the  point  of  maximum 
density.  If  this  be  true,  the  atmosphere  resting  upon  the  sur- 
fece  of  the  water  ought  to  have,  and  it  has,  a higher  temperature 
than  that  which  rests  upon  the  land.  "When  several  masses  of 
air,  such  as  those  over  land  and  those  over  water,  having 
different  temperatures,  and  being  charged  wdth  aqueous  vapour, 
intermix,  a mist  is  produced.  Sir  Humphrey  Davy  states,  that 
the  mists  fonned  over  the  Danube  are  attributable  to  this  cause, 
and  that  in  all  his  experiments,  made  during  the  presence  of  this 
phenomenon,  he  found  the  air  over  water  to  have  a temperature 
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from  three  to  six  degrees  above  that  resting  upon  the  land  ; and 
that  when  the  mist  dispersed,  the  air  over  the  land  was  invari- 
ably higher  than  that  over  the  water. 

The  reader  must  be  already  aware  that  we  believe  electri- 
city to  have  an  extensive  agency  over  atmospherical  changes ; 
but  it  is  possible  to  carry  theoretical  opinions,  which  are  based 
upon  well-authenticated  experiments,  to  the  brink  of  specu- 
lation, or  to  launch  them  upon  its  unexplored  and  unfathom- 
able w'aters.  It  does  not  become  us  to  say,  that  the  opinions 
maintained  by  Professor  Hansteen  have,  upon  any  subject, 
this  character ; but  we  shall  not  be  charged  with  presump- 
tion in  stating,  that  we  cannot  conceive  how  the  polar  lights 
can  in  any  way  cause  the  formation  of  mists.  This  highly- 
esteemed  and  discriminating  philosopher  imagines  the  atmo- 
spheric vapour  to  be  traversed  by  electric  meteors,  which  have, 
he  says,  a tendency  to  give  it  an  opacity  of  structure  and 
appearance — or,  in  other  words,  to  produce  mist. 

Dense  mists,  or  fogs,  are  frequent  in  large  cities.  Those 
who  reside  in  London  are  well  aware  that  a winter  scarcely 
ever  passes  without  the  occasional  appearance  of  this  pheno- 
menon, which  is  sometimes  sufficiently  impenetrable  to  stay  the 
progress  of  all  the  enterprise  and  engagements  of  the  metropolis, 
though  its  environs  may  be  at  the  same  time  eidivened  by  an 
unclouded  sky.  We  have  frequently  stood  upon  the  hills 
which  surround  the  mighty  city,  and  command  a view  of  its 
wide  expanse,  and  have  seen  it  enveloped  by  a dark  cloud, 
that  could  only  be  assimilated  to  that  which  frequently 
shrouds  a country  that  has  experienced  the  terrible  activity 
of  a volcano.  Nor  is  this  confined  to  London.  Fourcroy  has 
described  one  which,  in  November  1797,  covered  the  city  of 
Paris,  and  was  so  impenetrable,  that  men  came  in  contact  with 
each  other  with  torches  in  their  hands ; and  in  Amsterdam,  a 
fog  so  dense  enveloped  the  city,  at  the  close  of  the  year  1790, 
that  upwards  of  two  hundred  persons,  having  lost  their  paths, 
were  drowned  in  the  canals. 

M.  Defrance  states,  that  these  fogs,  which  usually  occur  in 
■winter,  are  to  be  attributed  to  the  fall  of  vapours,  or  rather  to 
descending  atmospheric  currents,  which  prevent  the  ascent  of 
smoke.  This  is  a simple,  and  probably  an  accurate  explanation 
of  the  origin  of  many  of  those  dense  fogs  which  sometimes  hang 
">ver  large  cities. 


CHAPTER  V. 


PHENOMENA  DEPENDENT  ON  THE  DISTRIBUTION  AND 
CONDITIONS  OF  LIGHT. 


Production  of  Light — Nature  of  Light. — General  Facts. — Reflection  —Refrac- 
tion.— Refractive  Power  of  the  Atmosphere. — Twilight. — Mirage. — Compo- 
sition of  Light.— Decomposition  by  the  Prism  and  Absorption — Colour  of 
Bodies. — Colour  of  the  Clouds. — The  Rainbow. — Haloes. — Corons. — Par- 
hselia. — Parasclenae, 

In  this  chapter  we  shall  endeavour  to  give  a general  descrip- 
tion of  the  most  remarkable  terrestrial  phenomena  which  result 
from  the  conditions  of  light,  and  to  explain  the  laws  by  which 
they  are  governed.  It  is  not  our  intention  to  make  any  extended 
remarks  on  the  opinions  which  have  been  entertained  concerning 
the  nature  of  light  as  a physical  agent,  a subject  which  has 
always  been  involved  in  doubt,  or  rather  in  inexplicable  mys- 
tery ; nor  can  we  refer  minutely  to  those  physico-mathematical 
laws  which  govern  its  intensity,  distribution,  and  colour,  though 
it  will  be  necessary  to  refer  to  some  of  these  for  the  explanation 
of  the  phenomena  that  properly  come  under  consideration.  We 
will  admit  the  existence  of  a principle  called  light,  and  that  the 
organ  it  is  adapted  to  affect  is  the  most  extensive  and  accurate 
of  all  the  mediums  of  sense,  the  best  calculated  to  add  to  our 
pleasures,  and  to  increase  our  intellectual  resources.  From  these 
admitted  facts  we  will  endeavour  to  trace  the  peculiarities  which, 
under  various  circumstances,  produce  the  different  luminous 
appearances  around  and  above  us.  Indeed,  no  branch  of  physical 
inquiry  is  more  worthy  of  investigation  than  the  science  of  Optics, 
although  it  is  generally  less  understood  than  many  others.  By 
a knowledge  of  the  properties  of  light,  man  has  received  a mar- 
vellous increase  to  the  extent  of  his  vision ; — things  too  distant 
or  too  near  for  the  natural  range  of  his  sight  are  brought 
within  the  compass  of  his  observation,  by  mechanical  applies- 
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tions  of  optical  principles,  and  in  a limited  acceptation  he 
possesses  the  power  of  giving  sight  to  the  blind,  by  relieving  the 
misfortunes  of  some,  and  the  infirmities  of  others. 

PRODUCTION  OF  LIGHT. 

Light  is  pi-oduced  under  various  circumstances,  and  by  means 
which  we  cannot  very  readily  explain.  It  has  been  supposed 
by  some  authors  that  light  is  capable  of  entering  into  all  bodies, 
and  that  it  is,  in  fact,  a component  part  of  them.  Nor  can  there 
be  any  doubt,  whatever  objections  may  be  made  to  this  state- 
ment, that  many  substances  have  the  property  of  emitting 
light  in  the  dark,  after  exposure  to  the  solar  rays.  Thus 
sulphate  of  barytes,  Baldwin’s  phosphorus,  and  other  com- 
pounds, become  phosphoric  after  they  have  been  thus  exhi- 
bited ; and  it  has  been  stated  that  a diamond,  which  had  been 
placed  in  the  solar  rays,  and  was  then  immediately  covered 
with  black  wax,  shone  for  several  years  after  the  wax  was 
removed.  But  none  of  these  substances  emit  light  of  the  same 
colour  as  that  which  falls  upon  them;  a circumstance  that  may 
be  attributed  to  a partial  absorption. 

There  are  also  some  insects  that  seem  to  have  the  power 
of  absorbing  light,  and  its  emission  is  in  some  measure  under 
their  own  control.  'J'he  glow-worm,  which  is  the  Lampyris 
noctUuca  of  Linnteus,  is  common  in  some  parts  of  England,  and 
shines  with  a strong  sulphur- coloured  light.  This  property, 
however,  seems  to  be  only  possessed  by  the  female,  which  is  a 
wingless  insect,  and  resembles  in  form  the  larva  of  a beetle. 
There  is  a species  of  Elater,  a native  of  the  West  India 
islands,  that  is  still  more  strongly  endowed  with  this  property. 
This  insect  is  not  more  than  an  inch  long ; but  the  light,  which 
it  emits  from  two  transparent  eye-like  tubercles  placed  upon 
the  thorax,  is  so  intense  that  the  smallest  print  may  be  read  by 
moving  it  over  the  page.  It  is  said  that  the  luminous  insects 
derive  their  peculiar  property  from  a liquor  which  they  secrete, 
and  that  they  lose  their  brilliance  if  it  be  suffered  to  dry  upon 
the  hand.  It  is  not  therefore  true  that  the  luminous  appearance 
is  altogether  voluntary,  and  this  is  still  further  proved  by  its 
continuance  for  some  time  after  the  death  of  the  insect. 

Certain  fishes  also  possess  the  same  property.  The  Pholas 
and  the  Lampyris  have  been  long  known  to  emit  phosphores- 
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cent  scintillations,  and  the  Roman  epicures  were  accustomed  to 
darken  their  apartments  when  feasting  on  them,  that  they  might 
gratify  two  senses  at  the  same  time. 

There  is  another  luminous  appearance,  commonly  called 
Will-with-the-wisp,  or  Jack-with-the-lantern,  which  is  supposed, 
by  the  uninformed  peasantry,  to  be  the  visible  representation  of 
an  evil  spirit  that  delights  to  delude  the  benighted  traveller, 
conducting  him  by  its  light  into  bogs  and  morasses,  and  then 
leaving  him  to  extricate  himself  as  he  can  from  his  perilous 
situation — 

“ A wand’ring  fire, 

Hovering  and  blazing  with  delusive  light, 

Misleads  the  amazed  night-wanderer  from  his  way 
To  bogs  and  mires,  and  oft  through  pond  or  pool, 

There  swallow’d  up  and  lost,  from  succour  far.” 

Mr.  Bradley  supposed  this  appearance  to  be  occasioned  by  a 
swarm  of  luminous  insects,  and  Mr.  Ray  was  of  the  same 
opinion.  It  is  generally  produced  by  the  presence  of  phosphu- 
retted  hydrogen  gas,  which  inflames  at  the  common  temperature 
of  the  atmosphere ; but  it  may  be  sometimes  occasioned  by  a 
strongly  electrified  animal  vapour.  And  here  it  may  be  observed 
that  the  incipient  decomposition  of  animal  and  vegetable  sub- 
stances is  generally  attended  with  luminous  appearances,  and 
this  is  particularly  the  case  with  fishes. 

Light  is  also  given  out  during  combustion,  and  it  may  be 
produced  by  a variety  of  mechanical  means.  When  two  pieces 
of  lump -sugar,  agate,  or  quartz  are  rubbed  together,  a vivid 
yellow  light  is  produced.  The  New  Zealanders  and  other 
barbarians  produce  fire  by  the  friction  of  two  smooth  pieces  of 
wood;  and  forests  are  inflamed  by  the  same  means  when  two 
branches  or  trunks  of  trees,  agitated  by  the  wind,  are  violently 
rubbed  together. 

Under  all  these  circumstances  light  is  produced,  and  its 
appearance  would  almost  lead  the  obseiwer  to  imagine  that  it  is 
a constituent  part  of  bodies.  Some  philosophers  do  believe  it 
to  be  a component  part  of  combustible  bodies,  an  opinion  which 
seems  to  be  justified  by  the  experiments  of  Dieman  and  Pacts. 
These  chemists  exposed  to  a high  temperature  a mixture  of 
sulphur  and  zinc,  excluding  every  substance  from  which  they 
might  obtain  oxygen.  The  two  substances  united  without 
oxidation,  and  formed  a sulphuret  of  zinc,  and  at  the  moment 
of  combination  gave  out  a vivid  light.  Without  admitting  light 
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to  be  a constituent  of  combustible  bodies,  it  is  almost  impossible 
to  account  for  the  variety  of  coloured  flames  produced  by  sub- 
stances, and  the  principle  of  absorption  would  lead  to  the  same 
result.  There  must,  however,  be  some  primary  source  from 
which  all  the  luminous  bodies  on  the  earth’s  surface  derive 
their  property,  and  solar  light  is  that  source, — a principle  that 
pervades  the  system  of  whicli  our  little  world  is  a member, 
emanating  from,  or  influenced  by,  the  orb  of  day,  and  flowing 
as  it  were  from  a centre  to  the  very  boundaries  of  its  acknow- 
ledged attractive  influence.  But  although  this  principle  is  so 
widely  distributed,  and  exerts  so  important  an  influence  upon 
living  animals  and  vegetables,  we  can  only  form  conjectures 
upon  its  nature,  our  observations  and  experiments  being  confined 
to  its  influence  on  bodies,  and  the  laws  by  which  it  is  governed 
under  particular  circumstances. 

NATURE  OF  LIGHT. 

Two  theories  have  been  proposed  to  explain  the  nature  of 
light,  and  it  may  be  necessary  to  mention  them.  One  of  these 
was  advanced  by  Newton,  who  supposed  light  to  be  a material 
substance,  emitted  in  extremely  minute  particles  from  all  lumi- 
nous bodies.  These  particles  impinging  upon  the  retina  of  the 
eye  produce  the  sensation  of  light.  This  theory  readily  explains 
the  greater  number  of  luminous  appearances,  but  there  are  some 
for  which  it  cannot  account.  For  a long  time  it  was  universally 
adopted,  and  is  still  acknowledged  by  many  philosophers, 
though  it  has  been  greatly  superseded  by  the  doctrine  of 
undulations. 

It  has  been  long  known  that  sound  is  occasioned  by  undula- 
tions excited  in  atmospheric  air,  or  some  other  conducting 
medium,  by  a vibrating  body  ; and  in  consequence  of  this,  pro- 
bably, it  was  suggested  by  Des  Cartes  that  light  also  might  be 
produced  by  the  undulations  formed  in  an  ether  of  extreme 
rarity  filling  all  space.  Tlxis  hypothesis,  however,  is  due  to 
Aristotle,  who  supposed  light  to  result  from  the  motion  of  a 
pure,  subtle,  homogeneous  medium,  or  ether,  excited  by  the 
solar  rays.  But  it  owes  its  present  fonn  to  the  successful 
labours  of  Euler,  Young,  and  Fresnel.  According  to  this  theory, 
the  elastic  medium  pervades  not  only  all  space  but  all  sub- 
stances, and  is  excited,  in  the  solar  system,  by  some  undefined 
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action  of  the  sun.  Professor  Airy  has  supported  the  hypothesis 
with  the  most  refined  analysis,  and  if  we  did  not  know  that 
many  things  pronounced  mathematically  certain  have  been 
found  experimentally  false,  we  could  not  withhold  our  belief  in 
the  doctrine ; but  it  is  always  difficult  to  speculate  upon  the 
nature  of  occult  agents ; and  it  may  be  doubted  whether  the 
question  proposed  in  Milton’s  beautiful  apostrophe  to  light  has 
been  or  ever  will  be  answered : — 

“ Hail,  holy  light ! offspring  of  heaven,  first-born, 

Or  of  the  Eternal  co-eternal  beam, 

Bright  effluence  of  bright  essence  increate — 

Thy  fountain  who  shall  tell  ? Before  the  sun. 

Before  the  heavens  thou  wert,  and  at  the  voice 
Of  God,  as  with  a mantle,  didst  invest 
The  rising  world  of  waters  dark  and  deep.*’ 


GENERAL  FACTS. 

The  elementary  principles  of  a science  are  sometimes  so  dis- 
tinctly exhibited  in  natural  appearances,  that  the  most  casual 
observer  may  acquaint  himself  with  them,  though  he  may  not 
perceive  their  connexion  or  importance.  But  in  other  instances 
they  can  only  be  ascertained  by  close  observation  or  by  minute 
analysis.  Without  an  acquaintance  with  these  principles,  the 
student  only  accumulates  difficulties  as  he  increases  his  know- 
ledge ; it  may  therefore  be  necessary  to  make  a few  preliminary 
observations  in  relation  to  the  nature,  habit,  and  character  of 
light  under  ordinary  circumstances,  when  uninfluenced  by  the 
disturbing  forces  to  which  it  is  subject. 

1.  Light  requires  time  for  its  propagation  from  the  luminous 
to  the  enlightened  body.  On  account  of  the  immense  velocity  with 
which  light  moves,  this  fact  could  never  have  been  ascertamed 
by  the  observation  of  terrestrial  phenomena ; for  although  it  is 
true  that  the  flash  of  a gun  or  the  light  of  a beacon  may  be  seen 
by  a person  one  mile  distant  when  it  is  invisible  to  a person  at 
the  distance  of  two  miles,  yet  if  it  were  possible  to  measure  the 
hundredths  of  a second  with  the  same  accuracy  as  we  measure 
seconds,  the  fact  could  not  be  ascertained  ; it  is  only  by  reference 
to  the  celestial  bodies  that  the  velocity  of  light  can  be  discovered. 
Aristotle  taught  the  instantaneous  progression  of  light;  and 
Chrysippus,  the  stoic,  who  was  the  successor  of  Zeno,  says 
that  its  transference  is  like  to  the  motion  of  a long  rod,  which 
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moves  equably  through  its  whole  length  when  pushed  at  one 
end.  For  a long  series  of  ages  philosophers  acknowledged  and 
taught  this  error.  M.  Roemer,  a native  of  Jutland,  discovered 
the  truth  when  making  observations  on  the  satellites  of  Jupiter. 
When  the  earth  is  between  Jupiter  and  the  Sun,  eclipses  of  the 
satellites  of  that  planet  happen  eight  minutes  thirteen  seconds 
earlier  than  they  should  do  according  to  the  calculations  of 
astronomers  ; and  when  the  Sun  is  between  the  earth  and  Jupi- 
ter, they  happen  eight  minutes  thirteen  seconds  later.  These 
results  can  only  be  accounted  for  by  admitting  the  progressive 
motion  of  light,  and  that  light  requires  about  16^  minutes  to 
pass  across  the  orbit  of  the  earth ; or,  in  other  words,  that  it 
travels  at  the  rate  of  192,500  miles  a second.  Roemer’s  obser- 
vations have  been  since  confirmed  by  the  results  obtained  by 
Bradley,  in  his  calculation  of  the  aberration  of  the  fixed  stars, 
more  especially  of  x Draconis,  which  fixes  the  velocity  of  light 
at  191,516  miles  in  a second. 

2.  Light  moves  in  straight  lines.  If  we  take  a series  of 
metallic  plates  or  cards,  each  plate  having  a small  aperture,  and 
place  them  one  behind  the  other,  it  will  be  necessary  that  the 
holes  should  be  in  a right  line,  or  it  will  be  impossible  to  see 
through  them.  Light  is  not  transmitted  through  a bent  tube ; 
in  this  respect  it  differs  from  sound.  The  form  of  the  shadows 
of  bodies  also  proves  that  light  moves  in  straight  lines,  for  when 
they  are  received  on  plane  surfaces  they  have  a figure  similar  to 
the  section  of  the  body  which  casts  them. 

3.  Light  proceeds  in  all  directions  and  from  every  part  of  the 
luminous  body.  Thus  if  a ray  of  direct  light  pass  from  a lumi- 
nous body,  through  an  aperture,  upon  a screen  in  a darkened 
apartment,  a representation  of  that  body  will  be  formed  upon 
the  screen,  so  that  the  rays  of  light  must  be  thrown  in  every 
direction  and  from  every  part  of  the  luminous  substance. 

It  has  been  stated  that  light  moves  in  straight  lines ; but 
there  are  certain  circumstances  under  which  it  may  be  affected 
by  forces  dependent  on  the  constitution  of  bodies,  and  compelled 
to  deviate  from  the  paths  it  would  otherwise  take.  Light 
may  in  fact  be  either  reflected  or  refracted ; it  may  be  arrested 
in  its  progress,  and  thrown  back  into  a direction  opposed  to 
that  in  which  it  was  moving ; or  it  may  be  bent  from  its  direct 
course  and  compelled  to  move  in  some  other  right  line  or  in  a 
curve. 
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REFLEXION. 

The  fact  that  light  is  capable  of  reflexion  was  known  from 
a very  early  period.  In  the  writings  of  Moses,  mirrors  or  look- 
ing glasses  are  mentioned  as  being  constructed  of  brass,  and 
used  by  the  Israelitish  women.  The  Greeks  are  well  known 
to  have  been  acquainted  with  the  reflection  of  light  by  polished 
surfaces.  Callimachus,  the  Cyrenean,  says  in  his  Hymn  to 
Pallas,  “ She  never  looked  into  water  or  a miri’or  of  orichal- 
cum,”  the  word  orichalcum  being  usually  translated  a dark- 
coloured  brass.  In  those  ancient  poems  ascribed  to  Homer, 
frequent  mention  is  indirectly  made  to  the  effects  produced  by 
the  reflexion  of  light.  To  take  but  one  example,  we  may  refer 
to  the  poet’s  beautiful  description  of  the  lance  and  breast-plate 
of  his  hero  Achilles,  in  the  twenty-second  book — 

The  Pelian  javelin  in  his  better  hand 

Shot  trembling  rays,  which  glitter'd  o’er  the  land  ; 

And  on  his  breast  the  beamy  splendour  shone, 

Like  Jove’s  own  lightning  or  the  rising  sun. 

In  one  of  the  Fables  of  iEsop  an  optical  effect  is  described, 
which  of  itself  might  lead  us  to  imagine  that  the  Greeks  were 
better  acquainted  with  the  science  of  optics  than  might  be 
imagined,  had  we  not  other  evidence  of  their  knowledge.  There 
is  a result  well  known  to  opticians,  that  images  reflected  from 
a plane  surface  appear  as  far  behind  that  surface  as  the  body 
itself  is  before  it.  .ffisop  must  have  been  acquainted  with  this 
fact  when  he  wrote  the  fable  of  the  dog  and  his  shadow. 

Aristotle  supposed  twilight  to  be  occasioned  by  the  reflexion 
of  solar  light  by  the  atmosphere,  and  maintained  that  a similar 
reflexion  prevents  shadows  from  appearing  totally  black.  This 
celebrated  philosopher  also  stated  that  rainbows  and  halos  were 
produced  by  the  same  influential  cause. 

Euclid  of  Alexandria,  who  lived  one  hundred  and  eighty 
years  before  Christ,  wrote  a work  on  Catoptrics,  or  the  reflexion 
of  light,  which  is  supposed  to  be  lost,  as  the  volume  which  bears 
his  name  is  not  characterised  by  that  elegance  and  accuracy 
which  distinguishes  the  works  of  the  author  of  “ The  Elements 
of  Geometry.” 

In  mentioning  the  names  of  some  of  the  most  celebrated 
ancient  philosophers  who  were  acquainted  with  the  reflexion  of 
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light,  we  cannot  omit  that  of  Archimedes;  for  his  burning- 
mirrors  will  never  be  forgotten  as  long  as  science  is  esteemed  by 
men.  Some  writers  in  modern  times  have  treated  the  story  as 
a fable;  but  the  united  testimony  of  Lucian,  Eustathius, 
Zonaras,  and  others,  is  sufficient  evidence  to  remove  the  most 
scrupulous  doubts.  An  ancient  historian  says,  “When  the 
fleet  of  Marcellus  was  within  bow-shot,  the  old  man,  Archi- 
medes, brought  an  hexagonal  mirror,  which  he  had  previously 
prepared  ; and  at  a proper  distance  from  this  he  placed  other 
small  mirrors  of  the  same  kind,  made  to  move  in  all  directions 
on  hinges,  the  which,  when  placed  in  the  sun’s  rays,  he  directed 
towards  the  Roman  fleet,  and  reduced  it  to  ashes.”  Eustathius, 
the  Archbishop  of  1 hessalonica,  in  his  commentary  on  Homer’s 
Iliad,  says,  “ Archimedes  by  means  of  a reflecting  mirror  burned 
a Roman  fleet  at  the  distance  of  a bow-shot.”  If  any  other 
evidence  were  necessary  to  prove  that  Archimedes  did  that 
which  is  attributed  to  him,  the  testimony  of  Zonaras,  the  histo- 
rian, might  be  adduced,  who  informs  us  that  Proclus,  in  imita- 
tion of  what  Archimedes  had  done  at  Syracuse,  burned  the  fleet 
of  Vittelion  at  the  siege  of  Constantinople ; and  that  the  instru- 
ment employed  was  a reflecting-mirror,  composed  of  tvrenty- 
four  small  plane  reflectors,  w’hich,  directing  the  rays  of  the  sun 
to  one  point,  excited  an  intense  heat. 

But  if  we  had  no  written  evidence  of  the  attention  paid  by 
the  ancient  philosophers  to  the  phenomenon  of  reflexion,  it 
would  be  impossible  to  suppose  the  early  inhabitants  of  the 
earth  to  have  been  unacquainted  with  the  fact.  If  they  had 
been  unattracted  by  every  other  natural  appearance,  they  could 
not  have  failed  to  observe  the  rising  and  setting  sun  reflected 
from  the  peaceful  bosom  of  lakes,  rivers  and  the  ocean. 

The  effects  produced  upon  light  by  reflexion  from  the  surface 
of  bodies,  depend  upon  the  form  of  the  surface  from  which  they 
are  reflected.  There  is,  however,  one  general  law  by  which  the 
result  is  always  governed,  for  although  parallel  rays  falling 
upon  a concave  surface  are  converged,  and  upon  a convex  surface 
diverged,  yet  in  every  case  the  angle  of  reflexion  is  equal  to  the 
angle  of  incidence.  To  prove  this  statement  we  must  refer 
to  a mathematical  diagram.  Let  A B G be  the  direction  in 
which  a ray  of  light  is  moving,  and  C D a plane  mirror  by 
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which  it  is  stopped  and  reflected,  it  will  pass  off  in  the  direction 
B F,  and  the  angle  ABE,  which  is  the  angle  of  incidence,  will 

be  equal  to  the  angle  E B 
F,  which  is  the  angle  of 
reflexion.  But  if  a ray 
should  fall  upon  the  mirror 
in  a direction  perpendicular 
to  the  reflecting  surface,  it 
will  be  thrown  back  in  the 
same  line  as  that  in  which 
it  came. 

REFRACTION. 

The  phenomenon  of  re- 
fraction, or  the  influence  of 
transparent  bodies  in  bending  the  rays  of  light  from  their  usual 
direction,  must  have  been  observed  as  early  as  those  appearances 
which  result  from  reflexion.  The  bent  or  broken  appearance 
of  a stick  or  the  stem  of  a plant  when  plunged  into  water,  must 
have  been  frequently  noticed,  and  it  is  possible  that  the  whole 
science  of  dioptrics  may  have  arisen  from  this  observation. 

When  light  passes  through  a transparent  medium  it  is  bent, 
or  refracted,  from  its  rectilinear  path,  the  amount  of  refraction 
being  always  govemed  by  the  nature  of  the  substance.  There 
are  some  bodies  that  refract  more  than  others,  but  still  there  is 
a general  law  which  holds  good  in  every  case  in  relation  to  the 
same  medium.  Alcohol  refracts  light  more  than  water,  oil  more 
than  alcohol,  and  glass  more  than  oil.  But  on  whatever  medium 
a ray  of  light  may  fall,  there  is  a constant  relation  between  the 
sine  of  the  angle  of  incidence  and  the  sine  of  the  angle  of  refrac- 
tion. This  law  may  be  otherwise  expressed  in  the  following 
manner ; when  any  two  rays  of  light  fall  upon  the  same  medium 
at  different  angles  of  incidence,  the  sines  of  the  angles  of  refrac- 
tion will  have  a constant  proportion  to  the  sines  of  their 
respective  angles  of  incidence. 

Let  A B be  the  surface  of  a medium  having  a greater  density 
than  that  by  which  it  is  superposed  ; and  let  C D,  H D,  be  two 
incident  rays,  and  D F,  D E,  their  respective  refracted  rays ; 
g C and  h H,  are  the  sines  of  the  angles  of  incidence,  and  e E, 
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/ F,  are  the  sines  of  the  angles  of  refraction.  Now,  it  may  be 

proved  by  experiment  that  there 
is  a constant  relation  between 
the  sines  of  the  angles  of  refrac- 
tion, and  the  sines  of  the  angles 
of  incidence.  The  proportion 
in  water  is  as  1-33G  to  1,  and 
whether  the  ray  has  the  direc- 
tion C D,  H D,  or  any  other, 
it  will  lemain  constant ; g C, 
will  have  that  relation  to  e E, 
and  A H to/  F. 

GENERAL  EFFECTS  OP  REFLEXION  AND  REFRACTION. 

All  the  effects  produced  upon  light  by  its  passage  through 
gases,  liquids,  and  lenses,  are  to  be  traced  to  the  existence  of  this 
law.  In  some  cases  parallel  rays  are  converged,  and  in  others 
diverged,  but  the  student  may  always  determine  what  effect  will 
be  produced  by  a consideration  of  the  fundamental  law,  at  the 
same  time  bearing  in  remembrance  that  when  light  passes  out 
of  a rare  into  a dense  medium,  as  from  air  to  water,  the  angle  of 
incidence  is  greater  than  the  angle  of  refraction  ; but  when  out 
of  a dense  into  a rare  medium,  as  from  water  to  air,  the  angle 
of  incidence  is  less  than  the  angle  of  refraction. 

There  are  many  phenomena  in  external  nature  which  result 
from  the  reflexion  of  light ; for  nearly  all  substances  reflect 
a portion  of  the  light  which  falls  upon  them.  Rocks  possess  this 
power  in  a greater  or  less  degree.  The  intensity  of  the  reflected 
light  from  chalk,  and  from  some  limestones  and  sandstones,  is, 
in  an  unclouded  summer’s  day,  too  intense  for  the  eye  to  bear 
without  pain  ; but  there  are  other  rocks  which  evidently  stifle 
nearly  all  the  light  incident  on  their  surfaces.  In  some  districts 
the  intensity  of  the  light  may  be  evidently  traced  to  terrestrial 
reflexion. 

The  atmosphere  and  clouds,  also,  have  some  influence  in  pro- 
ducing the  present  illuminated  condition  of  the  earth’s  surface. 
If  there  were  no  atmosphere  the  solar  light  could  only  illuminate 
that  spot  on  which  it  actually  fell,  and  all  beyond  it  would  be 
enveloped  in  impenetrable  gloom,  for  the  straying  rays  reflected 
by  terrestrial  substances  could  only  throw  an  uncertain  light 
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around  the  edge  of  the  spot  on  which  they  fell ; hut  hy  the 
diversion  of  the  solar  rays,  in  consequence  of  repeated  atmo- 
spheric reflexion,  the  light  is  scattered  abroad,  the  gloom  which 
would  have  been  otherwise  produced  is  dissipated,  and  Nature 
is  beheld  in  all  her  most  splendid  tints. 

But  as  heat  is  blended  with  light,  so  this  repeated  reflexion 
must  tend  to  raise  the  temperature  of  the  atmosphere,  which,  in 
some  cases,  acts  as  a conductor,  and  heat  is  carried  from  clime  to 
clime  on  the  wings  of  the  wind.  The  temperature  of  a mass  of 
air  resting  upon  a spot  of  the  earth’s  surface  is  partly  regulated 
by  the  amount  of  reflected  light  which  it  receives,  for  calorific 
rays  are  blended  with  the  luminous,  and  are  equally  capable  of 
reflexion. 

Many  of  the  phenomena  witnessed  around  and  above  us  are 
the  results  of  refraction.  The  earth  is  surrounded  by  an  ocean 
of  gas,  in  which  it  is,  as  it  were,  floating ; and  this  body  of 

elastic  fluid  has  a great 
effect  upon  light,  bend- 
ing the  rays  out  of  their 
course,  and  causing  all 
celestial  phenomena,  and 
sometimes  terrestrial  bo- 
dies, to  appear  in  a false 
situation.  This  effect 
would  be  produced  if  the 
atmosphere  had  an  uni 
form  density  through- 
out ; but  its  density  increases  with  its  nearness  to  the  surface  of 
the  earth,  and  consequently  a ray  of  light  is  more  and  more 
refracted  from  the  moment  it  enters  the  atmosphere  until  it 
reaches  the  earth. 

Let  S S represent  the  surface  of  the  earth,  and  ah  c successive 
layers  of  the  atmosphere,  the  lowest  being  the  most  dense ; and 
let  R E be  the  direction  in  which  a ray  of  light  from  a star 
would  pass  to  the  earth,  if  there  were  no  atmosphere ; but  in 
consequence  of  its  having  to  move  through  the  aii  it  is  bent  out 
of  its  course  into  a curvilinear  path,  and,  instead  of  reaching  the 
eye  of  an  observer  situated  at  E,  strikes  upon  the  point  O.  But 
an  observer  situated  at  O would  not  see  the  star  in  its  real  posi- 
tion ; for  it  is  a law  in  optics  that  an  object  is  seen  in  the  direc- 
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tion  of  the  ray  at  the  moment  it  enters  the  eye,  and  therefore 
the  object  will  appear  to  be  situated  at  a greater  height  than  it 
really  is,  as  at  r,  and  this  is  the  constant  effect  of  atmospheric 
refraction.  The  same  cause  will  also  explain  the  statement 
frequently  made,  that  a celestial  body  may  be  seen  for  some 
time  after  it  has  descended  beneath  the  horizon  ; for  the  rays  of 
light  proceeding  from  it,  entering  the  atmosphere,  are  refracted, 
and  meet  the  eye  of  the  observer  in  such  a direction  as  brings 
into  sight  bodies  which  are  considerably  below  his  horizon. 
The  amount  of  refraction  increases  from  the  zenith  to  the 
horizon,  being  at  the  latter  equal  to  about  33' — aquantity  very 
appreciable. 

The  direct  beneficial  effect  of  this  atmospheric  refraction  is  to 
lengthen  the  duration  of  celestial  light,  by  prolonging  the 
activity  of  the  sun  and  moon.  But  the  deceptive  position  it 
gives  to  celestial  phenomena  has  a tendency  to  derange  the 
calculations  of  astronomers.  Tables  have  been  formed  by  which 
the  error  may  be  in  part  corrected ; but  it  may  be  doubted 
whether  the  tables  themselves  are  in  all  cases  adequate  for  this 
purpose.  It  may  appear  a simple  problem  to  determine  the 
variable  amount  of  refraction  from  the  zenith  to  the  horizon, 
but  there  are  many  difficulties  connected  with  the  investigation. 
The  amount  of  refraction  depends  upon  the  density,  and  the 
density  is  variable,  for,  though  it  decreases  with  its  height  above 
the  earth’s  surface,  yet  the  amount  of  its  decrease  is  not  accu- 
rately known,  being  subject  to  those  changes  which  are  produced 
by  a local  or  general  alteration  of  temperature.  But  this  is  not 
the  only  cause  which  affects  the  amount  of  refraction,  for  the 
atmosphere  is  unequally  loaded  with  vapour  at  different  times, 
and  the  presence  and  quantity  of  the  vapour  alters  the  refract- 
ing power  of  the  atmosphere. 

TWILIGHT. 

Twilight  is  a phenomenon  produced  by  reflexion.  When 
the  sun  has  descended  so  low  beneath  the  horizon  as  to  give  no 
opportunity  for  the  influence  of  direct  rays  by  refraction,  the 
solar  beams  passing  over  the  earth’s  surface  strike  upon  the 
atmosphere,  or  the  clouds  which  float  in  it,  and  are  reflected 
downwards,  producing  that  secondary  illumination  called  twi- 
light. Such,  at  least,  is  the  explanation  which  may  be  given 
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upon  the  admission  of  the  materiality  of  the  agent.  Upon  this 
subject  we  must  be  silent,  for  it  is  useless  to  contradict  that 
which  cannot  be  disproved  ; but  it  may  be  remarked  that,  if 
light  be  an  inconceivably  minute  ethereal  fluid,  such  as  the 
advocates  of  the  theory  maintain,  there  is  nothing  remarkable 
in  the  circumstance  that  the  air  itself  should  be  able  to  oppose 
its  progress,  reflect  it,  and  illuminate  the  earth’s  surface  with 
its  indirect  rays. 

Sir  John  Herschell  s demonstration  of  this  phenomenon  is  so 
simple  and  complete  that  we  may  be  permitted  to  quote  it : — 
“ Let  A B C D be  the  earth  : A is  a point  on  its  surface,  where 
the  sun  S is  in  the  act  of  setting ; its  last  lower  ray  SAM,  just 
grazing  the  surface  at  A,  while  its  superior  rays  S N,  S O, 
traversing  the  atmosphere  above  A without  striking  the  earth, 
leaving  it  finally  at  the  points  P Q R,  after  being  more  or  less 
bent  in  passing  through  it,  the  lower  most,  the  higher  less,  and 
that  which,  like  S R O,  merely  grazes  the  exterior  limit  of  the 
atmosphere,  not  at  all.  Let  us  consider  ABC  D,  each  more 

remote  than  the 
last  fi'om  A, 
and  each  more 
deeply  involv- 
ed in  the  earth’s 
shadow,  which 
occupies  the 
whole  space 
from  A,  be- 
neath the  line 

A M.  Now  A just  receives  the  sun’s  last  direct  ray,  and 
besides,  is  illuminated  by  the  whole  reflective  atmospliere,  P 
Q R T.  It  therefore  receives  twilight  from  the  whole  sky. 
The  point  B,  to  which  the  sun  has  set,  receives  no  direct  solar 
light,  nor  any,  direct  or  reflected,  from  all  that  part  of  its 
visible  atmosphere  which  is  below  A P M ; but  from  the  len- 
ticular portion,  P R X,  which  is  traversed  by  the  sun’s  rays, 
and  which  lies  above  the  visible  horizon  B R of  B,  it  receives  a 
twilight,  which  is  strongest  at  R,  the  point  immediately  below 
which  the  sun  is,  and  fades  away  gradually  towards  P,  as  the 
luminous  part  of  the  atmosphere  thins  off.  At  C,  only  the  last 
or  thinnest  portion,  P Q a;,  of  the  lenticular  sequent  thus  illu- 
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minated,  lies  above  the  horizon,  C Q,  of  that  place.  Here,  then, 
the  twilight  is  feeble,  and  confined  to  a small  space  in  and  near 
the  horizon  which  the  sun  has  quitted,  while  at  D the  twilight 
has  ceased  altogether.” 

MIRAGE. 

In  consequence  of  the  variable  temperature  of  the  atmo- 
sphere, it  has  different  refractive  powers,  and  this  is  the  usual 
cause  of  that  phenomenon  called  mirage.  Light  passing  through 
a vacuum,  or  a medium  of  equal  density,  moves  in  right  lines, 
butonenteringamediumof  different  densities,  it  moves  incurves. 
If  a ray  of  light  passes  from  an  attenuated  to  a dense  medium, 
a portion  of  light  will  be  reflected  and  a part  refracted.  These 
several  causes  acting  upon  light,  bending  and  distorting  its  rays, 
produce  a variety  of  singular  optical  deceptions,  sometimes 
throwing  the  images  of  bodies  upon  dense  clouds,  and  at  other 
times  investing  terrestrial  phenomena  with  unnatural  and 
almost  magical  appearances. 

In  all  climates  exposed  to  an  extreme  temperature,  whether 
of  heat  or  of  cold,  the  results  of  unequal  refraction  are  observed. 
In  the  deserts  of  Africa  the  traveller  is  often  surrounded  with 
appearances  which  cheer  his  drooping  spirits,  and  excite  the 
expectation  of  soon  reaching  a place  where  he  may  rest  himself 
under  the  shade  of  a verdant  foliage,  or  bathe  himself  in  cool 
streams  and  widely-expanded  lakes  ; but  he  gazes  on  an  airy 
vision,  which  is  less  substantial  than  the  morning  cloud.  And 
so  the  chilled  traveller  in  arctic  climes  beholds  before  him 
mighty  cities,  with  their  battlements  and  towers,  which,  alas  ! 
can  give  him  no  shelter,  for  they  are  but  the  distorted  forms  of 
the  iceberg, and  the  snow-capped  pinnacles  of  barren  rocks. 

M.  Monge,  who  accompanied  the  French  army  into  Egypt, 
states,  that  in  the  desert  between  Cairo  and  Alexandria,  the 
image  of  the  sky  was  so  mingled  with  that  of  the  sand,  as  to 
give  the  appearance  of  a rich  and  fertile  country.  The  travellers 
seemed  to  be  surrounded  with  green  islands  and  extensive  lakes, 
together  forming  a beautiful  landscape  in  the  midst  of  a sandy 
plain.  Bat  in  vain  did  the  exhausted  party  press  forward  to 
reach  this  happy  spot,  for  neither  the  islands  nor  the  lakes  were 
there ; nothing  but  a continuation  of  the  same  heated  desert  over 
which  they  had  passed  so  wearily. 

Dr.  Clarke  observed  a very  similar  appearance  near  Rosetta. 
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The  city  seemed  to  be  surrounded  with  a beautiful  sheet  of 
water,  and  the  Greek  interpreter,  who  accompanied  the  traveller, 
could  not  be  persuaded  that  the  appearance  was  a delusion  ; but 
they  reached  Rosetta  without  finding  water,  and  when  they 
looked  back  upon  the  country  over  which  they  had  passed,  it 
appeared  as  a vast  blue  lake. 

In  more  temperate  climes  this  phenomenon  is  sometimes 
observed.  Dr.  Vince  has  given  a description  of  an  appearance 
of  this  kind,  which  he  saw,  in  1798,  at  Ramsgate.  The  top- 
mast of  a ship  approaching  the  shore  was  just  seen  above  the 
water  in  the  horizon,  and  immediately  above  it,  in  the  sky, 
two  images  of  the  whole  vessel,  one  erect  and  one  inverted. 
But  as  the  ship  came  into  view  the  images  became  less  distinct, 
though  they  were  both  visible  after  the  ship  had  risen  above 
the  horizon. 

From  the  description  already  given  of  refraction  it  is  easy  to 
determine  how  a single  upright  image  of  a vessel  below  the 
horizon  is  formed,  but  it  may  not  be  so  evident  how  the  inveided 
image  is  produced.  The  sun  is  seen  after  it  has  descended 
beneath  the  horizon  by  ordinary  refraction,  or  rather  in  conse- 
quence of  the  refraction  of  the  atmosphere  resulting  from  the 
common  variation  of  density.  But  when  a mass  of  air  has  its 
density  increased  or  diminished  by  local  causes,  then  an  uncom- 
mon phenomenon  is  the  result. 

[The  atmosphere  is  in  a peculiar  state.  The  inverted 
image  of  the  ship  is  seen  in  the  reflecting  condition  of  the 
atmosphere,  piecisely  as  we  behold  the  inverted  image  of  any 
object  held  over  the  water  into  which  we  may  be  looking ; or 
as  we  see  our  own  figure  in  a looking-glass,  or  on  the  Brocken, 
as  explained  in  the  next  page.  When  a second  ship  is  seen 
in  the  right  position,  over  the  inverted  one,  it  is  manifestly  a 
faint  reflection,  not  from  the  original  ship,  but  from  the  in- 
verted one  reflected  from  it.  To  produce  this  appearance  a 
peculiar  condition  of  atmosphere  is  required.] 

Many  instances  of  the  appearance  of  ships  ui  the  air  ai’e  upon 
record,  but  the  images  are  generally  described  as  being  in  an 
upright  position.  Three  persons  have  mentioned  this  pheno« 
menon,  as  seen  in  different  places  during  the  year  1662. 

Dr  Vince  also  states,  that  he  has  seen  at  Ramsgate  the  four 
turrets  of  Dover  Castle  over  a hill  w^hich  entirely  intercepts 
the  direct  view  of  that  building.  But  the  most  reraai-kable 


THE  FATA  MORGANA. 


143 


case  mentioned  by  this  eminent  philosopher  was  that  which  he 
observed  on  the  evening  of  the  6th  of  August  1806,  when  the 
image  of  the  castle  was  so  vividly  projected  on  the  Ramsgate 
side  of  the  hill  that  the  hill  itself  could  not  be  observed  through 
the  image. 

The  Brocken,  a peak  of  the  Hartz  mountains,  which  rises  to 
the  height  of  about  three  thousand  three  hundred  feet  above 
the  level  of  the  sea,  has  been  for  centuries  past  the  site  of 
spectral  appearances.  M.  Haiie  has,  unfortunately  for  the 
lovers  of  the  marvellous,  enabled  the  natural  philosopher  to 
explain  the  cause,  and  has  thus  divested  the  sight  of  all  that 
interest  which  arises  from  a belief  in  supernatural  visitations. 
This  philosopher  had  been  long  anxious  to  view  the  phenome- 
non, and  had  ascended  the  mountain  many  times  for  the  pur- 
pose, but  without  success.  On  the  23rd  of  May,  1797,  he  was 
early  on  the  summit  of  the  mountain,  for  the  purpose  of  wit- 
nessing the  sun  rise.  The  sky  was  clear,  and  the  rays  of  the 
morning  sun  were  tinging  the  summit  of  the  hills  with  their 
golden  hue,  when  he  saw  on  a cloud,  in  a direction  opposite  to 
that  on  which  the  sun  rose,  towards  the  Achtermanshoe,  a 
gigantic  human  figure,  with  his  face  towai-ds  him.  While 
gazing  on  the  prodigious  spectre,  with  a feeling  not  free  from 
terror,  a sudden  gust  of  wind  threatened  to  blow  away  his  hat, 
and  lifting  his  hand  to  detain  it,  he  saw  the  spectre  mimic  his 
action,  which  at  once  freed  his  mind  from  the  terror  that  had 
already  seized  him.  He  then  changed  his  attitude  and  place, 
and  found  that  the  figure  followed  his  motions.  M.  Haiie  was 
then  joined  by  a person  who  had  accompanied  him  to  the  top 
of  the  mountain,  when  a second  colossal  spectre  made  its  appear- 
ance, and  soon  afterward  a third.  The  figures  first  seen  were 
evidently  produced  by  the  projection  of  the  shadow  of  the  two 
persons  upon  the  clouds  by  the  horizontal  rays  of  the  sun.  The 
appearance  of  the  third  figure  was  no  doubt  caused  by  the 
duplication  of  one  of  the  figures  by  the  unequal  refraction  of 
the  atmosphere. 

The  fata  morgana  is  another  illustration  of  the  same  illusive 
appearance.  This  curious  phenomenon  is  seen  at  the  pharos 
of  Messina,  in  Sicily,  and  has  for  centuries  past  been  celebrated 
in  the  annals  of  superstition.  A spectator,  standing  on  an  ele- 
vated place  in  the  city  of  Reggio,  commanding  a view  of  the 
bay,  with  his  back  to  the  rising  sun,  may  often  observe,  when 


144 


MIRAGE  IN  THE  NORTH  SEAS. 


the  rays  form  an  angle  of  about  45°  with  the  horizon,  the 
objects  on  the  shores  vividly  painted  on  the  surface  of  the  water. 
Palaces,  castles,  towers,  and  arches,  are  distinctly  reflected  from 
the  water  as  from  a mirror ; and  men,  horses,  and  cattle,  are 
seen  rapidly  passing  from  place  to  place,  presenting  together  a 
beautiful  picture,  which  the  spectator  gazes  upon  with  a feeling 
of  superstitious  admiration.  (See  frontispiece.) 

Similar  appearances  have  been  frequently  seen  upon  the  lakes 
of  Ireland,  with  all  of  which  some  legends  are  connected.  The 
story  of  O’Donoughoo,  who  haunts  the  beautiful  lake  of  Killar- 
ney,  is  well  known  to  those  who  are  lovers  of  the  marvellous. 
O'Donoughoo  was  a celebrated  chieftain,  who  possessed  the  art 
of  magic.  Being  strongly  solicited  by  his  lady  to  give  her  some 
proof  of  his  skill,  he  assumed  the  shape  of  a demon,  and  her 
courage  failing,  he  suffered  for  his  temerity,  and  disappeared. 
Ever  since  he  has  been  accustomed  to  ride  over  the  lake,  on  a 
horse  shod  with  silver,  his  punishment  being  to  continue  the 
monotonous  exercise  until  the  shoes  are  worn  out.  On  the 
morning  of  the  1st  of  May,  thousands  assemble  around  the  lake 
to  see  him ; and  there  can  be  no  doubt  that  the  figure,  said  to 
have  been  witnessed  by  credible  travellers,  is  the  shadow  of  a 
man  on  horseback  riding  upon  the  shore. 

Mr.  Scoresby  has  mentioned,  in  his  “ Account  of  the  Arctic 
Regions,”  several  curious  instances  of  unusual  refraction, 
observed  by  him  during  his  polar  voyages.  While  sailing 
along  the  coast  of  Spitzbergen,  with  an  easterly  wind,  he  saw 
a singular  transformation  of  the  Foreland  or  Charles’s  Island. 
There  seemed  to  be  a mountain  in  the  form  of  a slender  monu- 
ment, and  near  it  a prodigious  and  perfect  arch,  thrown  over  a 
valley  at  least  a league  in  breadth.  This  scene,  however,  did 
not  last  long,  but  was  presently  followed  by  the  appearance  of 
castles,  spires,  towers,  and  battlements,  which  changed  their 
forms  so  rapidly,  that  the  metamorphoses  seemed  as  though 
they  were  the  work  of  an  occult  agent.  “ Every  object,”  says 
Mr.  Scoresby,  “between  the  north-east  and  south-east  points 
of  the  compass  was  more  or  less  deformed  by  this  peculiar 
refraction.” 

At  other  times  Mr.  Scoresby  observed  similar  results  pro- 
duced, and,  from  the  whole  of  his  observations,  he  deduces : — 

I.  That  the  effects  of  unusual  refraction  occur  in  the  evening 
or  night  after  a clear  day. 
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2.  That  they  are  most  frequent  on  the  commencement  or 
approach  of  easterly  winds. 

3.  That  the  mixture,  near  the  surface  of  the  land  or  sea,  of 
two  streams  of  air  having  different  temperatures,  and  the  irre- 
gular deposition  of  imperfectly  condensed  vapour,  are  the  causes 
of  these  phenomena. 

COMPOSITION  OF  LIGHT. 

It  might  be  supposed  by  a person  unacquainted  with  the 
facts  which  have  been  ascertained  by  experiment,  even  by  an 
intelligent  observer,  that  solar  light  is  a white,  homogeneous 
substance.  But  it  has  been  proved,  both  by  analysis  and  syn- 
thesis, that  it  is  composed  of  seven  elements,  if  we  ma}'^  so 
express  ourselves,  characterised  by  different  properties  and 
colours.  The  colours  of  the  elementary  parts  of  solar  light  are 
red,  orange,  yellow,  green,  blue,  indigo,  and  violet.  Now  there 
are  two  ways  in  which  this  statement  may  be  proved,  that  is 
to  say,  by  refraction  and  by  absorption,  and  of  these  we  may 
speak  separately. 

DECOMPOSITION  OF  LIGHT  BY  REFRACTION. 

Sir  Isaac  Newton  discovered  the  composition  of  white  light, 
and  he  employed  the  process  of  refraction.  If  a ray  of  solar 
light  be  admitted  into  a dark  room,  through  a small  hole  in  the 
window-shutter,  or  otherwise,  it  will  pursue  a rectilinear  course, 
and  a small  round  white  spot  will  be  formed  at  the  opposite 
side  of  the  room.  But  if  a glass  prism  be  placed  between  the 
shutter  or  screen  and  that  side  of  the  room  on  which  the  white 
spot  is  formed,  in  such  a manner  that  the  ray  of  light  roust  pass 
through  it,  entering  at  one  surface  and  immerging  at  the  same 
angle  from  a second  surface ; then,  judging  from  the  laws  of 
refraction,  w'e  might  suppose  that  it  would  be  bent  out  of  its 
course,  and  that  the  little  white  spot  would  be  shifted  to 
another  place;  in  fact,  that  an  effect  w'ould  be  produced  upon  the 
light  similar  to  that  which  is  occasioned  by  its  passage  through 
air,  water,  and  other  transparent  substances.  Bat  this  is  not 
the  effect  produced ; for  instead  of  a small  white  spot,  an  oblong 
image,  called  the  solar  spectrum,  is  formed,  consisting  of  seven 
colours,  in  the  following  order:  red,  orange,  yellow,  green,  blue, 
indigo,  and  violet.  These  colours  may  be  produced  with  great 
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brilliance,  but  not  with  equal  brightness.  It  is  extremely  diffi- 
cult to  determine  the  limits  of  the  several  colours,  the  grada- 
tions are  so  imperceptible  from  the  union  of  one  colour  with 
another. 

This  will  perhaps  be  better  understood  by  an  explanation 
of  the  following  diagram ; a ray  of  light  R R,  admitted  through 
a small  aperture,  H,  into  a dark  room,  may  be  supposed  to  fall 
upon  a screen,  where  it  will  form  a white  spot  of  nearly  the 


same  size  as  the  aperture  through  which  it  is  admitted.  But 
let  a glass  prism,  o 6 c,  be  interposed  between  the  aperture  and 
the  screen,  and  in  such  a position  that  the  ray  may  fall  on  the 
surface  b c,  and  emerge  from  the  surface  a c at  equal  angles, 
and  the  ray  will  be  not  only  deflected,  but  decomposed,  and  a 
coloured  image  of  the  sun  will  be  formed  on  the  screen  S S. 

Having  ascertained  that  white  light  is  capable  of  decomposi- 
tion, a new  subject  of  inquiry  is  immediately  suggested  to  the 
mind : is  it  not  possible  that  the  component  rays  themselves 
may  be  compound,  and  that  the  same  process  which  decomposed 
the  white  light  may  also  decompose  them  ? Sir  Isaac  Newton 
made  the  experiment,  but  after  examining  each  coloured  ray, 
making  them  in  their  order  to  pass  through  a small  hole  in  the 
screen  and  to  fall  upon  a second  prism  placed  behind  it,  he  dis- 
covered that  the  colours  could  not  be  again  decomposed,  but 
obeyed  the  common  law  of  refraction,  that  which  governs  white 
light  under  ordinary  circumstances.  From  these  results  it  may 
be  deduced,  that  the  coloured  rays  resulting  from  the  decom- 
position of  white  light  are  homogeneous,  and  they  are  therefore 
called  the  primary  colours ; while  those  which  are  formed  by 
the  combination  of  two  or  more  primary  rays  are  denominated 
secondary. 
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Only  one  thing  is  now  necessary  to  fully  prove  the  com- 
pound nature  of  white  light,  and  that  is  to  recompose  the  seven 
colours,  and  to  produce  the  original  compound  ray.  To  accom- 
plish this  object,  take  a second  prism  made  of  the  same  kind  of 
glass  and  having  the  same  refracting  angle,  and  place  the  two 
together  so  that  they  may  form  a parallelogramic  figure,  and 
all  the  seven  rays  produced  by  analysis  with  the  first  prism  will 
be  reunited  and  combined  by  the  second,  a single  white  spot 
being  formed.  In  this  experiment  the  separate  results  may 
be  distinctly  seen,  the  decomposition  by  the  one  and  the  com- 
position by  the  other. 

That  the  seven  primitive  colours  produce  white  light  may 
be  proved  by  painting  a circular  board  in  such  a manner  as  to 
represent  the  intensity  and  proportion  of  the  seven  colours. 
When  this  board  is  put  into  rapid  revolution,  the  primitive 
colours  are  resolved  into  an  almost  pure  white. 

DECOMPOSITION  OF  EIGHT  BY  ABSORPTION. 

Having  proved  the  compound  nature  of  light,  both  by  ana- 
lysis and  synthesis,  it  will  be  only  necessary  to  state  that  light 
may  be  decomposed  by  absorption.  When  light  falls  upon  a 
transparent  body,  one  portion  is  transmitted  through  it,  another 
is  dispersed  by  irregular  reflexion,  while  a third  is  stopped,  or 
absorbed  by  the  substance  itself.  There  are  some  substances 
that  seem  to  give  an  equally  ready  passage  to  all  the  component 
rays  of  white  light,  while  others  absorb  some  particular  ray  as 
though  they  had  some  powerful  affinity  for  it.  There  are, 
however,  no  perfectly  transparent  bodies,  as,  on  the  other  hand, 
there  are  none  that  do  not  possess  the  property  in  some  degree ; 
both  water  and  air,  though  they  do  not  retard  one  ray  more 
than  another,  absorb  a portion  of  the  light  that  enters  them,  and 
the  densest  metals  may  be  beaten  so  thin  as  to  give  a passage  to 
some  portion  of  an  incident  ray. 

Many  philosophers  have  entertained  the  opinion  that  only 
a part  of  the  seven  colours  composing  the  prismatic  spectrum 
are  primitive.  Dr.  Wollaston  maintained  that  there  are  only 
four  primary  colours,  red,  green,  blue,  and  violet ; and  Dr. 
Young  enumerates  three : red,  yellow,  and  blue ; in  which 
analysis  Sir  David  Brewster  coincides.  The  last  mentioned  phi- 
losopher has  examined  the  spectra  produced  by  various  bodies, 
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and  the  changes  they  undergo  when  viewed  through  differently 
coloured  media,  and  discovered  that  the  colour  of  every  part  of 
the  spectrum  may  be  changed  by  the  action  of  varying  media. 
From  his  experiments  generally,  he  deduces  that  the  spectrum 
consists  of  three  equal  parts,  which  are  severally  red,  yellow, 
and  blue. 


COLOUR  OF  BODIES. 

Colour  is  not  an  inherent  property  of  bodies,  for  any  sub- 
stance may  be  made  to  impress  the  eye  variably,  according  as 
it  is  placed  in  one  or  the  other  of  the  prismatic  rays.  A body 
may  be  yellow  in  white  light,  but  placed  in  the  red  rays  it 
will  be  red,  and  in  the  violet  it  will  be  violet,  a new  colour 
resulting  from  a change  of  circumstance.  It  will  therefore 
follow  that  the  colour  of  any  substance  will  be  regulated  by 
the  colour  of  the  ray  that  it  reflects.  From  what  has  been 
said  concerning  absorption,  it  will  be  evident  that  this  theory, 
proposed  by  Newton,  will,  in  many  cases,  readily  account  for 
the  infinite  variety  of  shades  that  are  observed  in  nature  and 
artificial  objects,  resulting  from  the  intermixture  of  rays  one 
with  another,  in  all  possible  proportions.  But  this  theory  can 
be  only  applied  to  one  class  of  phenomena,  and  does  not  at  all 
aid  us  in  explaining  the  colours  of  fluids  and  transparent 
solids.  In  some  instances  colour  is  produced  by  the  peculiar 
properties  which  the  bodies  have  of  stifling  or  absorbing  certain 
rays,  while  they  admit  the  passage  of  others  without  exerting 
any  detaining  influence  upon  them.  But  whether  colour  be 
produced  during  the  process  of  reflexion  or  refraction,  the 
result  being  in  some  cases  dependent  on  the  one,  and  in  some  on 
the  other,  we  cannot  but  admire  the  great  variety  of  appear- 
ances that  are  produced  by  comparatively  simple  means.  The 
ever- varying  tints  of  leaves  and  of  flowers,  of  feathers  and  of 
furs,  might  well  be  supposed  to  result  from  a complication  of 
causes  almost  beyond  the  reach  of  human  ingenuity  to  discover, 
and  yet  we  may  account  for  all  that  we  see  when  we  know  the 
principles  of  reflexion,  refraction,  and  absorption.  Water  and 
air  in  small  quantities  are  white,  because  they  absorb  all  the 
rays  equally,  and  yet  transmit  a large  portion  of  each ; coal  is 
black,  because  it  stifles  all  the  rays  that  impinge  upon  it.  If 
the  infinite  variety  of  colour  which  we  observe  in  nature  did  not 


COLOUR  OF  CLOUDS. 


149 


exist,  then  all  the  forms,  however  beautiful,  which  decorate  the 
earth  would  lose  their  charm,  and  the  eye  would  ever  rest 
upon  a dull  monotonous  scene  incapable  of  exciting  a single 
feeling  of  interest. 


COLOUR  OF  THE  CLOUDS. 

There  is  as  much  beauty  of  colouring  in  aerial  as  in  terres- 
trial scenery.  It  is  scarcely  possible  to  trace  the  successions  of 
colour  in  clouds,  whether  in  the  light  and  resplendent  hues  of 
the  evening  cirrus,  or  in  the  deep  and  sombre  tints  of  the 
threatening  cumulus  ; but  all  the  varied  appeai’ances  they  pre- 
sent are  produced  by  the  absorption,  refraction,  and  reflexion 
of  light. 

Light  in  its  passage  through  the  atmosphere  is  in  part, 
absorbed,  and  the  amount  transmitted  is  in  some  degrees 
governed  by  the  density  of  the  medium  through  which  it  passes, 
and  hence  it  follows  that  when  the  rays  of  light  impinge  upon  a 
thick  cloud  they  are  but  feebly  transmitted.  It  must  have 
been  observed  that  the  edges  of  clouds  are  generally  much  more 
luminous  than  their  centres,  which  may  be  traced  to  the  thin- 
ning of  the  body  of  vapour  at  its  edges,  so  that  we  may  often 
determine  the  comparative  density  of  a cloud  by  its  coloui*. 
This  same  cause,  absorption,  may  influence  the  colour  of  clouds 
by  the  abstraction  of  a portion  or  the  entire  of  one  or  more 
constituent  rays.  Atmospheric  vapour  may  be  variously  con- 
stituted, and  its  effects  on  light  may  be  different  according  to 
its  character  and  mode  of  combination.  Thus  one  cloud  may 
absorb  the  blue  and  another  the  red  rays,  or  such  proportions  of 
each  may  be  successively  taken  away  as  shall  produce  a rapid 
and  evanescent  series  of  resplendent  colours.  We  cannot  deter- 
mine what  those  changes  of  constitution  may  be  which  assist 
in  the  production  of  all  that  variety  of  colouring  and  blending 
of  shades  which  distinguish  clouds ; but  whatever  may  be  the 
source  of  those  changes  which  pass  over  the  vapour  itself,  its 
action  upon  light  may  be  traced  to  absorption. 

The  position  of  clouds  in  relation  to  the  sun  has  no  small 
influence  in  occasioning  those  rapid  changes  of  form  and  colour 
for  which  they  are  remarkable.  The  clouds,  which  at  sunset 
may  be  absolutely  drenched  in  golden  hues,  may  have  before 
floated  over  the  hemisphere  as  colourless  and  flaccid  masses ; 
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yet  we  cannot  watch  a mass  of  vapour  over  the  face  of  the 
telestial  vault  without  observing  the  infinite  variety  of  colours 
and  shades  which  it  assumes,  as  fickle,  and  frequently  not  less 
vivid,  than  the  hues  of  the  rainbow. 

The  cirro-stratus  is  often  marked  with  rich  and  even  splendid 
colouring ; its  crimsons,  purples,  and  scarlets,  are  such  as  art 
cannot  imitate.  Mr.  Howard  states  that  he  once  saw  the  whole 
sky  covered  with  cirri  passing  to  ciiTO-stratus,  and  tinged  with 
varied  but  most  beautiful  hues.  We  shall  not  readily  forget 
the  appearance  of  the  same  modification  viewed  from  a moun- 
tain summit  on  a summer  evening.  The  broad  mass  of  cloud 
was  as  though  dyed  with  the  deepest  crimson,  while  the  cirri 
pencilled  upon  the  meridian  graduated  from  a deep  blue  to  a 
light  red. 


RAINBOW 

Of  all  the  natural  appearances  dependent  on  the  action  and 
conditions  of  light,  the  rainbow  is  the  most  beautiful  and  the 
most  striking.  Maurolycus,  Baptista  Porta,  and  Antonio  de 
Dominis,  made  observations  upon  it,  and  attempted  to  discover 
its  cause,  but  Newton  was  the  first  who  gave  an  entire  and  satis- 
factory explanation  of  the  phenomenon. 

W e have  avoided  as  much  as  possible  the  very  appearance  of 
mathematical  demonstration  in  the  explanations  we  have  given 
of  natural  phenomena,  which  may  possibly  have  occasioned  a 
want  of  precision  in  some  parts  of  the  work.  Should  we  be 
charged  with  this  fault,  we  may  remind  the  critic  that  these 
pages  have  been  written  to  implant  or  nourish  a love  of  science 
in  the  minds  of  those  who,  from  natural  predilections  or  the 
force  of  habit,  have  devoted  more  time  to  the  cultivation  of  the 
imagination  than  to  the  acquisition  of  philosophical  knowledge 
— for  those  who  have  been  accustomed  to  think  the  pursuits  of 
science  derogatory  to  an  intellectual  and  poetical  mind.  We 
cannot  however  explain  the  formation  of  the  rainbow  without 
reference  to  a diagram,  which  may,  perhaps,  too  forcibly  remind 
some  of  our  readers  of  a mathematical  demonstration. 

The  rainbow  is  always  seen  in  that  part  of  the  sky  opposite  to 
the  sun.  There  are,  however,  two  bows,  of  which  the  interior 
is  the  stronger,  being  formed  by  one  reflexion,  while  the  exte- 
rior is  produced  by  two.  Supernumerary  bows  have  been  occa 
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sionally  seen.  The  primary  or  inner  bow,  which  is  commonly 
seen  alone,  consists  of  arches  of  colour  in  the  following  order, 
commencing  with  the  innermost : violet,  indigo,  blue,  green, 
yellow,  orange,  and  red.  These,  as  we  have  already  stated,  are 
the  colours  which  form  white  light ; and  we  may  be  led  to  a 
suspicion  of  the  cause  of  the  rainbow  by  the  fact,  that  they 
have  the  same  proportion  in  the  bow  as  in  the  prismatic  spec- 
trum. The  rainbow  is  in  fact  a number  of  spectra  produced  by 
the  reflexion  of  light  from  the  falling  drops  of  rain. 

The  formation  of  the  rainbow  primarily  depends  upon  the 
decomposition  of  white  light  by  its  passage  through  a globule  of 
water  j after  which  each  ray  is  both  reflected  and  refracted 
before  it  reaches  the  eye  of  an  observer.  Let  o be  a drop  of 
water,  and  S a beam  of  light,  which  when  it  falls'  upon  the  drop 
is  refracted  and  decomposed  into 
the  primitive  colours.  On  the 
second  surface  the  several  rays 
are  reflected,  and  are  then  again 
refracted  when  they  enter  the 
atmosphere  as  a new  medium. 
The  same  effect  is  produced  when 
a glass  globule  is  held  between  the  eye  and  the  sun ; for  a spec- 
trum will  be  seen  reflected  from  the  second  surface  of  the  globe. 
Supposing  an  infinite  number  of  these  globes  to  be  between  the 
sun  and  the  observer,  and  to  have  every  possible  position  in 
relation  to  the  eye,  their  spectra  would  be  united,  and  continu- 
ous lines  of  light,  or  a bow,  would  be  produced. 

Let  A B C D be  drops  of  rain,  and  R A,  R B,  R C,  R D, 
b(>  rays  of  light  falling  upon  them.  The  light  may  fall  upon 

the  drop  in  every  pos- 
sible position,  and  the 
effects  produced  will  vary 
according  to  the  incidence 
of  the  rays.  If  they 
should  fall  upon  the  axis, 
they  will  be  transmitted 
without  refraction;  if  near 
to  the  axis  on  either  side, 
they  will  be  refracted  to 
some  point  called  a focus  behind  the  drop.  Those  which  fall 


152 


lUNAB  RAINBOWS. 


near  the  top  or  bottom  of  the  drop  will  be  refracted,  but  falling 
very  obliquely  upon  the  second  surface,  will  be  reflected,  as 
shown  in  the  diagram,  either  once  or  twice,  according  to  cir- 
cumstances, and  after  refraction  be  brought  to  the  eye  of  the 
observer. 

When  a ray  of  light  falls  upon  the  top  of  the  drops,  and  is 
reflected,  as  in  A and  B,  it  may  be  refracted  and  meet  the  eye 
of  the  observer  at  O,  or  it  may  have  a second  reflexion  and  be 
thrown  upwards.  But  when  the  ray  falls  upon  the  under  side, 
as  in  C and  D,  the  ray  usually  meets  the  eye  after  the  second 
reflexion,  but  in  consequence  of  two  reflexions  and  two  refrac- 
tions the  violet  will  form  the  upper  and  the  red  the  under  part 
of  the  spectrum. 

The  lower  bow  A B is  called  the  primary  bow,  and  there  is 
no  doubt  that  it  is  produced  by  one  reflexion  and  two  refrac- 
tions; for  by  calculating  the  inclination  of  the  red  and  violet 
rays  to  the  incident  rays  R A,  R B,  it  is  found  that  the  former 
is  42“  2',  the  latter  40“  17',  which  gives  1“  45'  as  the  breadth  of 
the  bow,  a result  which  agrees  with  observation. 

It  is  equally  certain  that  the  secondary  bow  C D is  produced 
by  two  reflexions  and  three  refractions ; for  by  computing  the 
inclination  of  the  red  and  the  violet  rays  to  the  incident  rays 
R C,  R D,  we  find  it  to  be  50“  58'  for  the  red  ray,  and  54“  10' 
for  the  violet,  leaving  3“  2'  as  the  breadth  of  the  bow.  This 
result  agrees  with  observation,  and  with  the  fact  that  its  colours 
are  reversed,  the  violet  forming  the  upper  part  of  the  bow; 
The  secondary  bow  is  frequently  seen  without  the  primary, 
but  it  is  not  so  vivid,  in  consequence  of  the  light  being  twice 
reflected. 

Lunar  rainbows  have  been  occasionally  seen,  and  are  pro 
duced  by  the  rays  of  the  moon  falling  upon  drops  of  rain.  Plot, 
in  his  history  of  Oxfordshire,  says  that  he  observed  one  in 
1675,  but  it  was  without  colour;  and  an  appearance  of  the  same 
character  was  witnessed  by  Mr.  Tunstall,  in  the  year  1782. 
The  same  gentleman  observed  another,  a few  months  after, 
which  had  a singular  variety  of  appearances.  It  was  visible  for 
about  five  hours,  and  during  this  time  assumed  many  peculia- 
rities of  form  and  colour.  When  it  was  first  seen  it  was  with- 
out colour,  though  the  arch  was  strongly  marked ; but  after  a 
short  time  it  began  to  assume  the  appearance  of  a solar  bow, 
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and  in  about  three  hours  was  very  brilliant.  Soon  after  this  the 
bow  failed  in  the  north-eastern  limit,  and  the  intensity  of  the 
colours  decreased, until  at  last  they  vanished. 

Another  account  of  the  appeai’ance  of  a lunar  rambow  is 
given  by  an  anonymous  writer,  which,  however,  we  must  refer 
to  as  one  of  the  most  interesting  and  circumstantial  accounts 
with  which  we  are  acquainted.  “On  Sunday  evening,"  he 
says,  “ the  I7th  of  August,  after  two  days  of  rain,  attended 
with  thunder  and  lightning,  about  nine  o’clock,  twenty- three 
hours  after  full  moon,  looking  through  my  window,  I was 
struck  with  the  appearance  of  something  in  the  sky,  which 
seemed  like  a rainbow.  Having  never  seen  a rainbow  by  night, 
I thought  it  a very  extraordinary  phenomenon,  and  hastened  to 
a place  where  there  were  no  buildings  to  obstruct  my  view  of 
the  hemisphere.  Here  1 found  that  the  phenomenon  was  no 
other  than  a lunar  rainbow.  The  moon  was  truly  ‘ walking  in 
brightness,’  brilliant  as  she  could  be.  Not  a cloud  was  to  be 
seen  near  her,  and  over  against  her  was  a rambow,  a vast  arch, 
perfect  in  all  its  parts,  not  interrupted  or  broken  as  rainbows 
frequently  are.  Its  colour  was  white,  cloudy,  or  greyish,  but  a 
part  of  its  western  leg  seemed  to  exhibit  tints  of  a faint  sickly 
green.” 

Artificial  rainbows  are  sometimes  formed  by  the  spray  of  a 
waterfall,  and  by  the  rising  mists  from  the  surface  of  seas  and 
oceans.  Sir  David  Brewster  states,  that,  in  1814,  he  saw  at 
Berne  a fog-bow,  which  resembled  a nebulous  arch,  in  which 
the  colours  were  invisible. 

Several  writers  have  described  the  appearance  of  supernume- 
rary rainbows,  that  is,  a succession  of  coloured  arches,  usually 
purple  and  green,  within,  and  in  immediate  contact  with,  the 
primary  bow.  These  are  accounted  for  by  Dr.  Young,  on  the 
principle  of  interference. 


HALOES. 

There  is  another  class  of  atmospheric  phenomena  exhibiting 
colour,  to  which  we  must  refer  before  we  leave  the  subject  of 
this  chapter.  The  sun  or  moon  does  not  vary  either  in  form  or 
in  colour  when  the  atmosphere  is  free  from  vapour  and  other 
extraneous  substances.  But  when  a body  of  vapour  intervenes 
between  the  luminaries  and  the  earth,  there  is  an  apparent 
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alteration  in  both  these  particulars ; and  many  curious  pheno- 
mena are  produced  according  to  the  circumstances  under  which 
the  cause  operates.  When  the  atmosphere  is  dry  and  arid,  the 
sun  appears  to  have  a deep  blood-red  colour ; when  it  is  loaded 
with  vapour,  he  is  shorn  of  the  bright  radiations  which  dazzle 
the  eye  of  the  observer,  and  presents  an  almost  colourless  disc. 
The  passage  of  a light  cloud  over  the  face  of  either  of  the  lumi- 
naries is  sufficient  to  change  their  appearance,  and  frequently 
causes  the  formation  of  coloured  rings  around  them.  But  the 
most  singular  effect  is  produced  when  the  atmosphere  contams 
small  particles  of  ice,  which,  by  numerous  refractions  and 
reflexions,  have  the  power  so  to  turn  and  contort  the  rays  of 
light  as  to  produce  the  most  complicated  phenomena.  All  these 
several  effects,  from  whatever  cause  they  may  proceed,  are 
known  under  the  general  term  halo;  but  some  persons  have 
thought  it  necessary  to  make  a distinction  between  those 
phenomena  which  result  from  solar,  and  those  which  depend 
on  lunar  light.  The  former  are  called  Parhelia;  the  latter, 
Paraselenae. 

CORON.E. 

The  haloes  which  are  produced  round  the  sun  by  the  inter- 
vention of  fleecy  clouds  have  been  called  coronae,  and  are  pro- 
bably occasioned  by  the  passage  of  light  through  very  small 
drops  of  water,  which  is  attended  by  the  same  results  as  when 
it  passes  through  thick  plates.  Coronae  round  the  sun  are  best 
seen  by  reflexion  from  the  surface  of  water,  for  the  intensity  of 
the  beams  prevents  the  observer  from  examining  them  without 
adopting  some  such  means.  Sir  Isaac  Newton  was  accustomed 
to  make  his  observations  in  this  manner.  In  one  instance  he 
observed  the  sun  to  be  surrounded  with  three  distinct  rings ; 
and  by  adopting  this  method  detected  their  colours,  and  mea- 
sured their  diameters.  The  results  he  obtained  are  given  in 
the  following  table : — „ ^ 

1st  ring,  blue,  white,  red.  Diameter,  5 6 

2hd  ring,  purple,  blue,  green,  pale  yellow,  red.  Diameter,  9 
3rd  ring,  pale  blue,  pale  red.  Diameter,  12 

Haloes  round  the  moon  are  sometimes  very  beautiful,  gene- 
rally appearing  as  luminous  white  circles,  but  at  other  times  of 
a red  or  redish-green  colour.  We  have  more  than  once  oh- 
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sei’ved  the  corona  to  appear  and  disappear  during  the  walk  of 
a few  miles,  according  as  we  nave  been  in  or  above  the  mists 
which  have  been  rising  from  the  low  grounds.  This  singular 
fact  might  lead  us  to  theorise  upon  the  formation  of  this  curious 
phenomenon;  but  it  may  be  doubted  whether  it  is  always 
produced  by  the  same  cause.  Mariotte  supposes  coronae  to  be 
formed  by  the  refraction  of  light  by  small  prismatic  crystals  of 
ice  descending  through  the  air  in  every  possible  direction.  This 
explanation  may  account  for  some  of  these  appearances;  but 
until  the  diameters  of  the  coronae  can  be  determined,  there  will 
be  no  means  of  proving  its  accuracy. 

PARHELIA. 

Parhelia  are  images  of  the  sun,  which  have  the  same 
apparent  elevation  as  the  sun  itself. 

Captain  Parry  states  that,  when  he  was  in  the  polar  regions, 
he  observed  two  parhelia,  one  of  which  was  very  bright  and 
prismatic,  being  thrown  upon  a thick  cloud  ; the  other  scarcely 
perceptible,  having  a blue  sky  as  its  back-ground.  To  each  of 
these  mock  suns,  bright  yellow  bands  of  light  were  attached,  as 
shown  in  the  diagram. 


Parhelia  are  most  frequent,  and  their  light  is  most  intense,  when 
the  sun  is  near  the  horizon.  As  it  rises  towards  the  meridian, 
the  image  invariably  dies  away,  but  sometimes  re-appears  as  it 
desecnds.  Instances  of  this  kind  prove  that  the  cause  is  con- 
tinuous, and  indeed  it  has  been  usually  found,  that  w’hen  these 
mock  suns  make  their  appearance,  they  are  not  very  quickly 
destroyed,  for  they  frequently  continue  in  sight  several  hours. 


JOO  PARHELIA  OBSERVED  BY  SCHEINER. 

Parhelia  are  not  very  uncommon  in  the  polar  regions;  hut  by 
what  means  these  images  of  the  great  luminary  are  projected 
upon  the  vapour  which  perhaps  the  sun  itself  has  raised,  as 
though  to  mock  its  shadowed  glory,  philosophers  are  by  no 
means  agi-eed  ; yet  it  is  almost  certain  that  the  haloes  on  which 
they  are  formed  are  produced  by  refraction,  either  through 
liquids  or  icy  particles. 

A remarkable  instance  of  the  exhibition  of  parhelia  was 
observed  by  Scheiner,  in  1630,  which,  although  it  has  been 
quoted  by  Sir  David  Brewster  and  other  writers  on  optics,  it 
will  be  necessary  to  transcribe. 

“ The  diameter  of  the  circle,  M Q N,  next  to  the  sun,  was 
about  45°,  and  that  of  the  circle,  O R P,  was  about  92°  20' ; they 


were  coloured  like  the  primaiy  rainbow,  but  the  red  was  next 
the  sun,  and  the  other  colours  in  the  usual  order.  The  breadths 
of  all  the  arches  were  equal  to  one  another,  and  about  a third 
part  less  than  the  diameter  of  the  sun,  though  I cannot  but  say 
that  the  whitish  circle,  O G P,  parallel  to  the  horizon,  was 
rather  broader  than  the  rest.  'The  two  parhelia,  M N,  were 
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lively  enough,  but  the  other  two  at  O and  P were  not  so  brisk. 
M and  N had  a purple  redness  next  the  sun,  and  were  white 
in  the  opposite  parts ; O and  P were  all  over  white.  They  all 
differed  in  their  durations,  for  P,  which  shone  but  seldom  and 
faintly,  vanished  first  of  all,  being  covered  by  a collection  of 
pretty  thick  clouds.  The  parhelion  O continued  constant  for 
a great  while,  though  it  was  but  faint.  The  two  lateral  parhe- 
lia M and  N,  were  seen  constantly  for  three  hours  together ; M 
was  in  a languishing  state  and  died  first,  after  several  struggles, 
but  N continued  an  hour  after  it  at  least.  Though  I did  not 
see  the  last  end  of  it,  yet  I am  sure  it  was  the  only  one  that 
accompanied  the  true  sun  for  a long  time,  having  escaped  those 
clouds  and  vapours  which  extinguished  the  rest.  However,  it 
vanished  at  last,  upon  the  fall  of  some  showers.  This  pheno- 
menon was  observed  to  last  four  hours  and  a half  at  least ; and 
since  it  appeared  in  perfection,  when  I first  saw  it,  I am  per- 
suaded its  whole  duration  might  be  above  five  hours. 

“ The  parhelia  Q,  R,  were  situated  in  a vertical  plane  pass- 
ing through  the  eye  at  F,  and  the  sun  at  G,  in  which  vertical 
the  arches  H R C and  OPR  either  crossed  or  touched  one 
another.  These  parhelia  were  sometimes  brighter,  sometimes 
fainter  than  the  rest,  but  were  not  so  perfect  in  their  shape  and 
white  colour.  They  varied  their  magnitude  and  colour  accord- 
ing to  the  different  temperature  of  the  sun’s  light  at  G,  and  the 
matter  which  receives  it  at  Q and  R ; and  therefore  their  light 
and  colour  were  almost  always  fluctuating,  and  continued,  as  it 
were,  in  a perpetual  conflict.  I took  particular  notice  that  they 
appeared  almost  the  first  and  last  of  the  parhelia,  excepting 
that  of  N. 

“ The  arches  which  composed  the  small  halo  M N next  to  the 
sun,  seemed,  to  the  eye,  to  compose  a single  circumference,  but 
it  was  confused,  and  had  unequal  breadths ; nor  did  it  con- 
stantly continue  like  itself,  but  was  perpetually  fluctuating. 
But  in  realitj’’  it  consisted  of  the  arches  expressed  in  the  figure, 
as  I accurately  observed  for  this  very  purpose.  These  arches 
cut  each  other  in  a point  at  Q,  and  there  they  formed  a parhe- 
lion ; the  parhelia  M and  N shining  from  the  common  intersec- 
tions of  the  inner  halo,  and  the  whitish  eircle  O N M P.” 

Phenomena  of  the  same  kind  are  sometimes  seen  during  the 
night  as  the  effeets  of  lunar  light,  and  are  called  paraselen®. 
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The  most  beautiful  appearance  of  this  kind  which  has  been 
described,  was  that  seen  by  Hevelins,  at  Dantzic,  in  1660. 
When  first  observed,  the  moon  was  surrounded  by  a white 
circle,  in  which  there  were  two  coloured  paraselenas  opposite  to 
each  other.  Another  circle  of  light  was  afterwards  formed,  the 
lower  line  of  the  circumference  touching  the  horizon,  and 
inverted  coloured  arches  appeared  on  the  highest  point  of  the 
circles. 

Captain  Parry  several  times  witnessed  this  phenomenon 
during  his  polar  voyages.  At  one  time  he  observed  the  moon 
to  be  surrounded  with  a halo, on  which  three  luminous  parase- 
lenae  were  formed,  and  on  the  following  night  the  same  appear- 
ance was  observed,  with  the  addition  of  stripes  of  white  light, 
which  gave  it  a resemblance  to  a cross. 

The  natural  phenomena  which  result  from  the  action  of  light, 
are  extremely  complicated,  and  their  explanation  is  frequently 
involved  in  difficulties.  Our  ignorance  of  the  agent  itself,  and 
the  impossibility  of  tracing  the  influence  of  those  forces  which 
act  upon  it,  frequently  prevent  us  fi’om  determining  its  precise 
operation  in  natural  phenomena.  There  is  no  branch  of  philo- 
sophical knowledge  so  little  studied,  by  those  who  have  not 
devoted  themselves  to  the  investigation  of  the  sciences, 
as  the  cause  and  effects  of  that  principle  called  light.  Sur- 
rounded with  uncertainties,  there  may  be  some  cause  to  fear 
that  the  explanations  given  in  this  chapter  may  be  unsatisfactory 
to  the  general  reader ; but  if  this  should  be  the  case,  it  ought 
to  induce  a further  investigation  of  the  subject,  and  not  to 
repress  an  anxiety  for  a more  accurate  acquaintance  with  this 
interesting  though  subtle  branch  of  natural  philosophy. 


CHAPTER  VII. 


PHENOMENA  DEPENDENT  ON  THE  DISTRIBUTION  OF 
ELECTRICITY. 


Nature  of  Electricity.— How  developed.— Effects. — Identity  of  Electricity  and 
the  Agent  which  produces  Lightning. — Franklin's  Experiments.— Crosse's 
Experiments. — Weeke’s  Experiments. — Condition  of  a Thunder-Cloud.— 
Effects  of  Lightning. — Production  of  Lightning. — Thunder-Clouds. — Light- 
ning Conductors.— Electrical  Condition  of  the  Atmosphere.— Aurora  Bo- 
realis.— St.  Elmo's  Light. 

Our  entire  ignorance  of  that  agent  which  we  call  Electricity 
may  be  urged  as.  some  excuse  for  the  vague  and  unsatisfactory 
manner  in  which  we  are  compelled  to  speak  of  all  the  natural 
phenomena  that  depend  upon  its  accumulation  and  motion. 
There  are  some  philosophers  who  attribute  electrical  pheno- 
mena to  an  exceedingly  subtle  fluid,  while  others  imagine  that 
thei’e  are  two  such  fluids; — some  believe  electricity  to  be  a pro- 
perty of  matter,  and  others  identify  it  with  gravity.  But  what- 
ever opinion  may  be  entertained  concerning  the  agent,  there  is 
no  doubt  as  to  the  means  by  which  it  may  be  excited,  the  con- 
ditions it  obeys,  and  the  effect  it  produces. 

Supposing  electricity  to  be  present  in  a latent  state  in  all 
matter,  it  may  be  disturbed  by  various  means ; such  as  friction, 
chemical  action,  the  contact  and  disunion  of  magnetic  poles,  the 
unequal  circulation  of  heat  through  metals,  and  the  muscular 
action  of  certain  fishes.  The  electricities  derived  from  these 
several  sources  have  received  different  names,  but  are  distin- 
guished from  each  other  by  comparative  rather  than  by  absolute 
qualities,  all  producing  the  same  effects,  though  not  in  an  equal 
degree.  A few  general  remarks  seem  to  be  necessary  for  an 
accurate  explanation  of  the  phenomena  to  which  we  must 
refer. 

When  electricity  is  excited  upon  the  surface  of  a substance, 
as  always  happens  when  two  bodies,  whatever  their  nature,  are 
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rubbed  together,  it  may  be  transferred,  under  particular  cir- 
cumstances, from  place  to  place,  and  even  accumulated.  But 
all  bodies  are  not  capable  of  conducting  electricity,  for  while 
some  absolutely  resist  its  progress,  there  are  others  that  give  it 
an  easy  passage.  Glass,  the  resins,  and  atmospheric  air,  are 
not  conducting  substances,  while  the  metals,  water,  and  aqueous 
vapour,  transfer  it  with  great  facility.  It  might,  therefore,  be 
expected,  that  while  the  one  class  conducts  electricity  of  the 
smallest  possible  intensity,  the  other  can  only  transmit  it 
when  its  resisting  force  is  overpowered  by  the  energy  of  the 
electric  agent. 

According  to  some  persons,  there  are  two  kinds  of  electricity, 
while  others  acknowledge  the  existence  of  but  one,  though  they 
admit  its  conditions  may  vary.  Without  attempting  to  prove 
or  disprove  either  of  these  statements,  it  may  be  mentioned, 
that  there  is  an  evident  difference  of  character  according  to  the 
manner  and  circumstances  under  which  the  agent  is  produced. 
A substance  charged  with  electricity  derived  from  the  excita- 
tion of  glass,  will  attract  one  that  is  charged  with  the  electricity 
of  resin ; but  if  the  two  bodies  be  excited  with  the  electricity 
of  either  glass  or  resin,  they  will  repel  each  other.  Now  if  we 
consider  that  in  one  case  the  agent  is  in  a positive,  and  in  the 
other  in  a negative  condition,  the  fact  may  be  thus  generally 
stated,  that  bodies  in  the  same  electiic  state  repel  each  other, 
and  in  opposite  states  attract. 

The  effects  produced  upon  bodies  by  the  passage  of  accumu- 
lated electricity  through  them,  are  various  and  important, 
^Vhen  discharged  through  steel,  it  frequently  induces  the  mag- 
netic property;  when  through  magnets,  it  often  destroys  or  dis- 
turbs their  magnetism.  The  temperature  of  metals  is  raised 
when  they  are  employed  as  conductors ; and  if  the  size  of  the 
metallic  substance  be  proportioned  to  the  intensity  of  the  elec- 
tric agent,  fusion  wUl  be  effected.  Light  is  produced  when 
electricity  passes  through  elastic  fluids,  or  liquids  that  have  an 
infcriur  conducting  power.  Chemical  effects,  such  as  the  com- 
position and  decomposition  of  bodies,  may,  under  certain  cir- 
cumstances, result  from  the  conduction  of  electricity.  When 
the  animal  body  is  made  the  medium  of  transference,  muscular 
action  of  a more  or  less  violent  chai’acter  is  produced,  and 
instances  are  on  record  in  which  life  has  been  destroyed.  By 
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these  effects,  the  presence  of  accumulated  electricity  is  deter- 
niined,  and  when  its  quantity  and  intensity  are  not  sufficient  to 
produce  them,  the  phenomena  of  attraction  and  repulsion  never 
fail  to  give  evidence  of  its  presence. 

[Although  the  phenomena  of  electricity  excited  little  atten- 
tion during  the  middle  age,  they  were  not  unknown  to  the 
classical  ancients.  It  was  from  the  power  of  a piece  of  amber, 
when  rubbed,  to  draw  light  substances  to  it,  that  the  Greeks 
called  it  elektron,  from  which  has  originated  the  modern  name. 
The  philosophic  Thales,  who  lived  600  years  before  the 
Christian  era,  was  the  first  who  discovered  the  electric  proper- 
ties of  amber,  and  he  was  so  struck  with  its  appearances  that 
he  supposed  it  to  be  animated.  The  next  person  we  hear  of 
who  noticed  the  subject  was  Theophrastus,  who  discovered 
that  tourmaline  was  electric,  and  had  the  power  of  attracting 
light  bodies.  It  does  not,  however,  appear  that  the  subject, 
though  so  important  and  interesting,  attracted  the  attention  of 
philosophers  before  the  time  of  Dr.  W.  Gilbert,  physician  to 
Queen  Elizabeth,  who  discovered  several  of  the  properties  of 
the  loadstone,  and  examined  a great  variety  of  substances,  with 
a view  of  ascertaining  how  far  they  might  or  might  not  be 
ranked  among  electrics.  Mr.  Boyle  is  supposed  to  be  one  of 
the  first  persons  who  caught  a glimpse  of  the  electric  light,  or 
who  seems  to  have  noticed  it,  by  rubbing  a diamond  in  the 
dark;  and  Sir  Isaac  Newton  was  the  first  who  observed  that' 
excited  glass  attracted  light  bodies  on  the  side  opposite  to  that 
on  which  it  was  rubbed.] 

IDENTITY  OF  ELECTRICITY  AND  THE  AGENT  THAT  PRODUCES 
LIGHTNING. 

The  identity  of  agents  is  to  be  determined  by  the  identity 
of  their  effects.  Franklin  seems  to  have  recognised  this  prin- 
ciple ; for  having  observed  that  many  of  the  effects  produced  by' 
lightning  were,  in  a lesser  degree,  occasioned  by  accumulated 
electricity  as  derived  from  the  machine,  he  suspected  that  the 
agencies  might  differ  in  no  other  respect  than  in  intensity. 
Among  their  many  points  of  resemblance,  he  noticed  that  their 
motion  from  one  irregular  conductor  to  another  is  never  in  a 
right  line ; that  they  always  strike  the  highest  bodies,  pre- 
ferring those  that  are  pointed  and  good  conductors ; that  they 
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ignite  combustible  substances;  fuse  the  metals;  affect  magnetic 
polarity;  and  destroy  animal  life.  This  similarity  of  effect 
might  have  been  considered  by  some  persons  as  a sufficient  proof 
of  the  identity  of  electricity  and  the  agent  which  produces  light- 
ning. But  Franklin  was  not  satisfied  with  anything  less  than 
a demonstration,  and  resolved  to  bring  his  conjectures  to  the 
test  of  experiment  as  soon  as  the  spire  of  the  church  at  Phila- 
delphia, then  building,  should  be  finished.  But  it  was  not  easy 
to  wait  with  patience  when  so  important  a question  was  to  be 
determined,  and  he  provided  himself  with  other  means  of 
inquiry,  which  were  so  simple  that  they  could  only  have  been 
selected  and  adopted  by  a truly  philosophic  mind.  The  instru- 
ment by  which  Franklin  determined  to  investigate  the  nature 
of  lightning  was  a common  kite  ; and  he  accordingly  prepared 
two  cross  sticks,  over  which  he  stretched  a silk  handkerchief, 
and  with  this  he  acted  the  part  of  the  fabled  Prometheus.  On 
the  first  approach  of  a thunder-cloud  he  prepared  for  his  expe- 
riment ; but  so  apparently  childish  was  his  apparatus,  and  so  fu- 
tile his  hopes,  that,  with  a modesty  frequently  the  attribute  of  a 
great  mind,  he  communicated  his  intentions  only  to  his  son,  who 
assisted  him  in  the  experiment.  The  kite  was  raised,  and  for 
some  time  no  effect  was  produced ; but  at  last  he  saw  that  there 
was  a bristling  up  and  apparent  repulsion  between  the  loose 
threads  of  the  hempen  cord,  and,  shortly  after,  when  the  string 
had  been  moistened  by  a shower  of  rain,  he  obtained  spai-ks, 
and  other  appearances  demonstrative  of  the  presence  of  elec- 
tricity. In  this  way  Franklin  discovered  the  identity  of  the 
electricity  of  the  machine  and  the  agent  which  produces  the 
phenomenon  of  lightning  ; and  in  subsequent  experiments  he 
succeeded  in  obtaining  all  the  effects  which  were  then  known 
to  attend  the  phenomena  of  ordinary  electricity. 

Modern  philosophers,  during  the  last  few  years,  have  been 
much  engaged  in  the  study  of  the  electrical  phenomena  of 
the  atmosphere.  Mr.  Crosse,  who  is  now  well  known  to  the 
public  for  his  enthusiastic  efforts  for  the  advance  of  electrical 
science,  and  the  curious  discoveries  he  has  made,  was  probably 
the  first  observer  who  performed  any  extensive  experiments 
upon  the  electricity  of  the  atmosphere.  “ Franklin’s  kite,” 
says  Mr.  Crosse,  in  a letter  to  a friend,  “ was  well  adapted 
to  prove  the  identity  of  natural  and  artificial  electricity ; but 
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an  apparatus  calculated  to  render  sensible  not  merely  the  larger 
occasional  collections  of  this  fluid,  but  to  exhibit  at  all  times, 
both  day  and  night,  the  almost  infinite  variety  of  changes,  both 
as  respects  their  quality  and  quantity,  which  the  atmosphere 
teems  with,  requires  all  the  foresight  and  ingenuity  which  a 
man  may  possess : on  the  one  hand,  to  avert  the  destructive 
effects  which  would  result  from  a WTong  direction  of  a stroke 
of  lightning:  and,  on  the  other  hand,  to  keep  up  a perfect 
insulation  of  the  exploring  wire  ; more  especially  during  a 
driving  rain  and  fogs,  and  likewise  under  a heavy  fall  of  snow. 
Great  strength  is  also  required  to  support  the  strain  of  the  wire, 
as  well  as  to  resist  the  attacks  of  large  birds,  who  fly  uncon- 
sciously against  it  in  the  dusk,  and  to  bear  the  numerous  swal- 
lows who  sport  upon  it  in  the  day.  The  easiest  possible  mode 
of  raising  and  lowering  the  wire  must  be  resorted  to,  as  well  to 
repair  any  accidental  fracture  as  to  clear  the  insulators  from 
spiders’  webs  and  other  insects,  which  destroy  the  insulation 
by  filling  up  the  insulated  spaces.” 

The  exploring  wire  of  which  Mr.  Crosse  speaks  was  of 
copper-,  a sixteenth  of  an  inch  in  thickness,  and  was  supported 
on  masts  from  fifty  to  one  hundred  and  ten  feet  in  height.  The 
wire  was  thus  carried  over  his  grounds  to  collect  the  electricity 
of  the  atmosphere  ; but  in  one  night  nearly  all  the  masts  were 
destroyed  by  a violent  hurricane.  After  this  accident,  Mr. 
Crosse  made  his  masts  about  fifty  feet  in  height,  and  fixed 
them  by  iron  rings  to  stout  trees.  The  rings  on  each  tree  were 
about  ten  feet  apart,  and  through  them  the  mast  passed,  resting 
on  a stone  on  the  ground.  The  length  of  the  wire  was  at  the 
same  time  shortened  to  eighteen  hundred  feet,  which  he  “ was 
successful  enough  to  keep  stramed  without  once  breaking,  and 
sufficiently  insulated  to  show  at  all  times  the  electricity  of  the 
atmosphere,  both  day  and  night.” 

By  a simple  arrangement,  the  electricity  collected  by  the 
exploring  wires  was  brought  into  the  room  in  which  he  made 
his  experiments,  and  could  either  be  quietly  conveyed  to  the 
earth,  or  be  made  to  exhibit  itself  by  the  phenomena  which 
usually  attend  the  motion  of  that  fluid  when  set  free  from  its 
immediate  and  natural  combination  with  matter.  Terrific  as 
the  effects  sometimes  appear,  all  danger  is  avoided  by  the  adop- 
tion of  the  means  which  Mr.  Crosse  has  used.  “You  may,” 
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he  says,  “ sit  securely,  smile  at  the  passing  storm,  and  analyse 
while  you  smile.  Almost  every  experiment  which  has  been 
performed  at  the  prime  conductor  of  an  electiical  machine  have 
I performed  with  atmospherical  conductors — melted  wires, 
charged  batteries,  decomposed  fluids,  &c.  I have,  however, 
been  sometimes  put  to  flight,  by  an  explosive  stream  of  fluid 
sufficient  to  charge  the  largest  battery  by  contact,  and  continu- 
ing for  hours,  constantly  changing  from  positive  to  negative,  or 
the  reverse.  The  terrific  sound,  and  rattling  of  windows  accom- 
panying this,  has  been  awful  beyond  description.  My  funnels 
have  been  scorched,  and  the  cement  partially  melted,  but  no 
accident  has  yet  happened.” 

Similar  experiments  have  been  more  recently  performed  by 
Mr.  Weekes  of  Sandwich.  This  gentleman  extended  about 
three  hundred  and  sixty-five  yards  of  exploring  wire  over  the 
town  in  which  he  resides.  This  wire  was  insulated  at  its  two 
extremities,  “against  the  balls  from  which  arise  the  vane- 
spindles  of  the  two  principal  churches  of  the  town,  one  hundred 
and  thirty -six  feet  above  a base  line  supposed  to  be  drawn 
between  the  two  edifices.  An  intermediate  station  was  supplied 
by  an  elevated  chimney,  “ near  to  which  was  the  descending 
wire  ” that  conducted  the  electricity  into  the  room  appropriated 
to  the  experiments. 

On  the  16th  of  September,  1840,  Mr.  Weekes  had  an  oppor- 
tunity of  observing  the  effects  of  atmospheric  electricity  from 
a thunder-cloud.  “ A few  minutes  before  noon,”  he  says,  “ a 
stupendous,  dense,  and  heavy-looking  black  cloud,  having  its 
edges  remarkably  depending  and  flocculent,  advanced  imme- 
diately over  the  line  of  wire,  and  commenced  discharging  its 
aqueous  contents  most  furiously.  This  had  no  sooner  obtained 
than  a continuous  torrent  of  sparks  of  the  first  magnitude 
formed  violently  from  the  large  globular  terminus  of  the  atmo- 
spheric machine  to  the  inferior  receiving  ball,  attended  by  cor- 
responding sharp  cracking  explosions,  each  being  equal  to  the 
report  of  a moderate-size  pistol,  and  resembling  in  general 
effect  the  well-kno'wn  running-fire  occasioned  by  the  rapid  dis- 
charge of  a multiplicity  of  small  fire-arms.  With  short  inter- 
vals of  a few  minutes,  as  clouds  of  a similar  character  continued 
to  arise  over  the  line  of  wire,  these  splendid  phenomena  recurred 
with  more  or  less  brilliancy,  until  about  thi’ee  o’clock  in  the 
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afternoon.  At  one  period,  during  this  grand  display,  three  dis- 
tinct flashes  of  lightning  were  observed  in  brief  succession,  and 
almost  identically  with  the  appearance  of  each  flash,  streams 
of  brilliant  fire,  having  most  extraordinary  intensity,  rushed 
through  the  apparatus  with  a loud  hissing  sound,  similar  in  its 
effects  upon  the  auditory  nerves  to  that  which  obtains  when  a 
considerable  mass  of  red-hot  iron  is  suddenly  thrown  into  water. 
However,  in  one  instance,  the  cloud  from  which  the  electrical 
discharge  proceeded  could  not  have  been  very  near  the  line  of 
our  operative  arrangements,  as  from  five  to  six  seconds  were 
distinctly  counted  between  each  flash  and  the  thunder  which 
followed.” 

Mr.  Weekes  succeeded  in  performing  with  the  atmospheric 
electricity,  in  the  same  manner  as  Mr.  Crosse,  many  of  the 
experiments  which  are  commonly  effected  with  the  machine. 
Among  other  mechanical  effects,  he  mentions  the  instantaneous 
passage  of  the  fluid  through  thick  folds  of  paper  and  layers  of 
cardboard,  as  well  as  the  piercing  of  thin  and  the  breaking  to 
fragments  of  thick  plates  of  glass.  Chemical  effects  of  a most 
remarkable  character,  we  are  informed,  were  also  obtained,  but 
these  have  not  yet  been  made  known ; it  is  however  understood 
that  water  was  decomposed  with  great  rapidity.  The  latter 
experiment  was  attempted  by  Mr.  Barry  with  electricity  col- 
lected by  a kite ; but  it  has  always  been  supposed  that  his 
apparatus  was  insufficient  for  this  purpose,  and  that  there  must 
have  been  some  error  in  his  observations.  With  the  machine 
electricians  have  been  almost  equally  unsuccessful  in  their 
attempt  to  decompose  water.  Dr.  Faraday  was  the  last  person 
who  made  the  experiment,  and  he  says  that,  after  working  the 
machine  for  half  an  hour,  he  could  not  obtain  at  either  pole  a 
bubble  of  gas  larger  than  a small  grain  of  sand.  The  circum- 
stance of  obtaining  the  effect  by  atmospheric  electricity  is  there- 
fore one  of  the  greatest  importance  in  the  present  state  of  the 
science. 

The  experiments  made  by  Mr.  Crosse  and  Mr.  Weekes 
have  led  them  to  an  opinion  of  the  formation  of  the  thunder- 
cloud very  different  from  that  which  was  previously  main- 
tained. “ What  is  called  a thunder-cloud,”  says  the  former, 
“ seems  to  me  to  be  far  from  a mass  of  vapours  electrified 
equally  throughout  its  extent,  but  to  consist  of  regular  concen- 
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trie  circles,  alternately  positive  and  negative,  having  its  centre 
electrified  ■with  the  contrary  electricity  to  its  circumference  or 
edges.  The  electricity  residing  in  the  edge  of  the  cloud  is 
invariably  weaker  than  that  in  the  centre,  which  is  diametri- 
cally opposite  to  the  state  of  a charged  insulated  plate  of  metal, 
or  more  perfect  conductor,  in  which  the  fluid  is  equally  dif- 
fused as  to  its  quality,  but  in  which  the  greater  quantity  is 
condensed  at  the  circumference.  I have  known  one  of  these 
clouds  to  alter  the  electricity  of  the  wire  eighteen  times  in 
three  minutes,  invariably  increasing  in  power  till  the  centre  of 
the  cloud  has  passed  over  the  wire,  and  invariably  decreasing 
afterwards.”  Mr.  Weekes  also  observed,  during  his  experi- 
ments, that  the  electricity  frequently  changed  from  one  state 
to  the  other,  as  though  a series  of  highly- charged  zones,  alter- 
nately positive  and  negative,  were  passed  over  the  apparatus. 

EFFECTS  OF  LIGHTNING. 

The  most  disastrous  effects  are  frequently  produced  by  the 
transmission  of  accumulated  atmospheric  electricity ; and  nume- 
rous instances  are  upon  record.  It  seems  to  be  the  property 
of  electricity  to  follow  a good  conductor,  and  it  will  in  some 
instances  make  an  eccentric  course  in  order  to  be  transferred  by 
particular  substances.  When  this  agent  passes  through  bodies 
that  offer  but  little  resistance  to  its  progress,  no  mechanical 
effects  are  produced  upon  them,  except  in  those  instances  where 
the  dimensions  of  the  conductor  are  too  small  to  convey  the 
accumulated  fluid.  In  one  or  two  instances,  in  which  houses 
have  been  struck  by  lightning,  the  electrieity  has  been  con- 
ducted away  by  the  bell-wires — for  metals  are  good  conductors; 
but  on  account  of  the  smallness  of  the  wires, compared  with  the 
intensity  of  the  agent,  they  have  been  fused  in  the  act  of  trans- 
ference. This  choice  of  conductors  is  also  proved  by  a fact  that 
must  be  well  known  to  foresters,  that,  although  the  oak  is  fre- 
quently struck  with  lightning,  the  beech  is  seldom  scathed,  and 
perhaps  never,  when  the  royal  tree  is  near  to  the  direction  in 
which  the  electricity  is  moving.  Human  life  is  frequently  de- 
stroyed by  lightning,  buildings  are  inflamed,  rocks  are  fissured, 
and  the  forest  tree  is  dismembered  or  cleft;  but  its  agency  is 
still  more  terrible  on  the  broad  bosom  of  the  ocean,  where  the 
majestic  vessel  is  alone  exposed  to  its  fury.  We  are  not  gene- 
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rally  acquainted  with  the  frequency  of  those  disasters  at  sea, 
which  result  from  the  electric  agent,  for  but  few  are  recorded 
in  the  pages  of  our  philosophical  journals.  One  or  two  instances, 
however,  may  be  cited.  It  is  stated,  by  an  anonymous  writer 
in  the  Philosophical  Journal,  that  at  Port  Mahon,  on  board  of  a 
seventy-four-gun  ship,  he  saw  fifteen  men  on  the  bowsprit  and 
jib-boom  struck  by  a flash  of  lightning,  some  of  w’hom  were 
killed  and  others  dreadfully  scorched.  The  same  writer  states, 
that,  in  1811,  the  Kent,  a seventy-gun  ship,  then  off  Toulon, 
was  struck  wdth  lightning.  The  main  and  mizen  masts  were 
shattered  from  the  tnink  downwards,  and  several  of  the  men 
then  on  the  yards  were  severely  injured. 

If  the  plienomenon  of  lightning  were  clear  from  danger,  and 
the  mind  free  from  an  instinctive  dread  of  its  effects,  every 
lover  of  the  sublime  in  nature  might  be  allowed  to  feel  some 
anxiety  to  behold  a thunder-storm  at  sea.  The  mind  of  man  is 
not  insensible  to  the  evidence  of  a supreme  power  as  displayed 
in  nature ; but  while,  in  some  instances,  it  dwells  upon  the  con- 
sideration of  the  benign  and  salutary  influence  of  material 
creation,  it  cannot,  at  other  times,  escape  the  feeling  that  an 
omniscient  and  omnipotent  Spirit,  capable  of  displeasure  as  well  as 
complacency,  exercises  control  over  all.  The  earthquake  and 
volcano,  the  hurricane  and  the  tempest,  might  be  sufficient  to 
prove  this;  but  no  terrestrial  phenomenon  can  impress  the  mind 
with  the  same  reverential  aw'e  and  consciousness  of  dependence 
as  a thunder-storm  at  sea.  But  habit  reconciles  us  to  the  most 
appalling  appearances,  and  the  man  who  has  crouched  with 
humble  and  reverential  feeling  under  this  demonstration  of 
Almighty  power  may  acquire  confidence  by  repeatedly  witness- 
ing the  same  phenomenon,  and  at  last,  when  his  mind  has  been 
divested  of  terror,  he  may  delight  to  watch  the  broad  flash 
of  the  electric  light,  and  listen  with  a sensation  not  devoid  of 
pleasure  to  the  reiterated  peal  of  the  thunder. 

Dr.  Tilesius  has  given,  in  a continental  journal,  an  account 
of  some  very  curious  effects  produced  upon  the  human  body  by 
atmospheric  electricity.  As  two  carts  were  passing  through  a 
wood  they  were  struck  by  lightning,  wdiich  was  conveyed  from 
one  to  the  other,  more  or  less  affecting  the  persons  who  w'ere  in 
them.  One  of  the  horses  was  killed  upon  the  spot,  and  in  the 
cart  which  it  drew  a perforation  was  made  nearly  six  inches  in 
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diameter.  Both  the  persons  in  the  cart  were  also  struck.  One 
of  them  received  so  violent  a blow  that  he  was  thrown  to  some 
distance,  and  remained  senseless  for  a time ; but  received  no 
permanent  injury.  The  other  person  was  killed  on  the  spot ; 
and  when  the  body  was  examined  it  was  found  to  bear  the 
marks  of  the  electricity.  The  arms  and  hands  were  furrowed 
to  the  bone  ; the  sleeves  of  the  coat  and  shirt  were  torn  ; yet 
neither  the  skin  nor  the  clothes  bore  marks  of  burning,  but 
appeared  as  though  they  had  been  torn  by  the  rapid  passage  of 
a sharp  point.  The  two  persons  in  the  other  cart  were  seriously 
injured,  but  soon  recovered  ; though  they  appear  to  have  after- 
wards suffered  under  a drowsiness  and  lassitude  which  they  had 
never  before  experienced.  But  the  most  singular  circumstance 
in  a physiological  point  of  view  is,  that  one  of  these  persons  was 
perfectly  deaf  at  the  time  of  the  accident,  yet  the  electricity, 
in  passing  through  his  body,  scratched  the  inner  part  of  the 
ear,  near  the  tragus  and  antihelix,  and  on  the  following  day  he 
recovered  his  hearing. 

It  is  not,  perhaps,  uncommon  for  electricity  to  produce  a 
decidedly  medical  effect  in  those  instances  where  its  intensity 
or  quantity  is  not  sufficient  to  destroy  life.  This  may  be  either 
injurious  or  beneficial,  according  to  circumstances.  Professor 
Olmsted,  of  North  Carolina,  has  given  an  account,  in  the  Ame- 
rican J ournal  of  Science,  of  the  removal  of  a paralytic  affection 
by  a stroke  of  lightning.  The  individual  had  been  attacked 
with  a paralytic  affection  in  the  face,  which  had  chiefly  settled 
in  the  eye.  During  a thunder-storm  he  was  struck  with  light- 
ning, and  for  a time  lost  his  senses  and  the  use  of  bis  limbs ; 
but  on  the  following  day  he  was  so  far  recovered  that  he  was 
able  to  write  an  account  of  the  accident,  and  had  perfectly 
recovered  his  sight,  though  his  hearing  had  been  somewhat 
impaired. 

It  is  not  perhaps  necessary  that  any  other  instances  of  death 
from  the  passage  of  atmospheric  electricity  through  the  animal 
body  should  be  adduced,  but  we  can  scarcely  be  permitted  to 
omit  a notice  of  the  unfortunate  accident  which  attended  some 
experiments  made  by  Professor  Richman,  of  St.  Petersburgh, 
more  particularly  as  it  may  serve  to  demonstrate  the  necessity 
of  great  care  when  we  attempt  to  guide  or  control  so  mighty  an 
agent  as  atmospheric  electricity.  The  Professor  had  erected  an 
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apparatus  for  the  purpose  of  bringing  atmospheric  electricity 
into  his  study,  wisliing  to  make  some  experiments  with  it; 
and,  in  order  to  prevent  accident,  he  attached  to  his  apparatus 
an  instrument  to  measure  the  quantity  of  the  electricity  that 
was  present.  On  the  9th  of  August,  17S3,  he  was  making 
some  experiments  with  Mr.  Solokow,  and,  stooping  down  to 
examine  the  instrument,  he  was  struck  on  the  head  by  the 
electricity,  and  instantly  killed.  From  the  surgical  examina- 
tion it  appeared,  that  the  electricity  entered  the  forehead,  and 
passing  through  the  body  escaped  from  the  left  foot,  the  shoe 
being  burst  open.  Mr.  Solokow,  the  attendant,  was  much  hurt, 
and  the  room  bore  marks  of  the  passage  of  the  fluid,  the  door- 
case being  split,  and  the  door  itself,  torn  from  its  hinges,  being 
thrown  to  some  distance. 

The  loss  of  life  by  atmospheric  electricity  has,  in  most 
instances,  resulted  from  a want  of  care,  either  arising  from 
ignorance  or  temerity.  It  is  exceedingly  unsafe  to  stand  during 
a thunder-storm  beneath  a tall  tree,  or  by  the  side  of  a lofty 
building  ; and  there  are  other  precautions  which  a knowledge 
of  the  laws  of  electricity  will  suggest,  and  these  should  be 
attended  to ; but  there  are  some  persons  who  indulge  a fear 
during  the  presence  of  this  phenomenon,  as  though  God  had  no 
other  agent  of  destruction  in  his  power,  and  as  if  they  were  not 
enveloped  with  dangers  arising  from  the  construction  of  the 
human  body  as  well  as  from  external  causes.  The  number  of 
deaths  by  lightning  bear  but  a small  proportion  to  the  number 
of  thunder-storms ; for  when  the  electricity  passes  from  the 
clouds  to  the  earth,  it  is  generally  conveyed  at  once  to  the 
earth  itself. 

Rocks  frequently  bear  the  marks  of  a fusion  that  has  resulted 
from  electric  action.  Some  years  since.  Dr.  Fiedler  brought  to 
London  some  vitreous  tubes  that  had  been  obtained  in  the  plains 
of  Silesia  and  Eastern  Prussia ; one  of  which,  found  at  Pader- 
born,  was  forty  feet  long.  These  fulgorites,  as  they  were  called, 
were  undoubtedly  produced  by  the  heating  effects  of  atmosphe- 
ric electricity,  and  they  were  generally  found  to  terminate  in 
springs  of  water. 
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CIRCUMSTANCES  UNDER  WHICH  LIGHTNING  IS  PRODUCED. 

Having  ascertained  the  nature  of  that  cause  which  produces 
the  phenomenon  of  lightning,  some  hope  may  be  entertained  of 
discovering  the  manner  in  which  it  acts.  From  the  effects  pro- 
duced by  the  passage  of  atmospheric  electricity  through  animal 
bodies,  it  is  quite  certain  that  it  is  in  an  accumulated  state ; 
and  there  is  little  difficulty  in  ascertaining  some  of  the  eauses 
whieh  tend  to  produce  an  unequal  distribution  of  the  electric 
agent.  We  may  suppose  lightning  to  be  produced  under  three 
different  circumstances ; when  the  electricity  passes  from  one 
cloud  to  another  ; when  from  the  clouds  to  the  earth  ; and 
when  from  the  earth  to  the  clouds.  In  the  last  two  instances  it 
may  occasion  the  destructive  effects  to  which  we  have  referred ; 
in  the  first,  its  influence  must  be  confined  to  the  aerial  region  in 
which  it  moves. 

When  two  clouds  charged  with  opposite  kinds  of  electricity, 
or,  in  other  words,  having  opposite  electric  conditions,  approach 
so  near  to  each  other  as  to  enable  the  electricity  to  overcome  the 
restraining  or  coercive  influence  of  the  atmosphere,  a discharge 
takes  place,  which  produces  a flash  of  light  or  lightning.  W e may, 
in  fact,  compare  the  action  of  two  clouds  or  atmospheric  strata, 
one  in  an  overcharged  and  one  in  an  undercharged  state,  to  that 
of  a Leyden  jar,  the  coatings  of  which  are  in  opposite  conditions. 
If  the  jar  be  charged  with  electricity  beyond  a certain  tension, 
there  will  be  a spontaneous  discharge,  the  restraining  influence 
of  the  glass  or  the  air  being  too  small  to  overcome  the  expan- 
sive force  of  the  electricity.  This  is  the  condition  under  which 
lightning  is  produced  in  the  atmosphere.  The  attractive  power 
exerted  by  two  clouds,  one  charged  positively  and  the  other 
negatively,  must  be  active  at  a considerable  distance,  and  this 
draws  them  towards  each  other  with  an  accelerating  force ; but 
as  soon  as  they  have  approached  so  near  as  to  give  the  electricity 
an  advantage  over  the  constraining  influence  of  the  non-conduct- 
ing medium,  atmospheric  air,  a flash  of  lightning  is  produced. 
But  this  discharge  is  not  sufficient  to  restore  the  electric  equi- 
librium, and  there  will  be  successive  discharges,  proportioned 
to  the  distance  of  the  clouds  from  each  other,  until  this  effect 
has  been  produced. 

It  sometimes  happens  that  there  is  a passage  of  electricity 
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from  the  earth  to  the  clouds,  and  lightning  is  then  produced  as 
in  the  discharge  between  two  clouds.  It  is,  however,  quite  im- 
possible to  determine  whether  the  electricity  moves  from  the 
earth  to  the  cloud,  or  from  the  cloud  to  the  earth;  for  so  great  is 
its  velocity,  that  there  is  no  perceptible  period  of  time  between 
the  commencement  and  the  completion  of  its  circuit.  This 
statement  is  beautifully  illustrated  by  an  experiment  that  has 
been  made  by  Professor  Wheatstone.  When  a wheel  is  put 
into  rapid  rotation,  the  spokes  will  be  absolutely  invisible,  on 
account  of  the  velocity  with  which  they  are  successively  pre- 
sented to  the  eye.  But,  if  the  w'heel  should  at  this  time  be 
illuminated  by  a flash  of  lightning,  the  spokes  will  for  a moment 
be  as  distinct  as  though  the  wind  were  at  rest ; for,  however 
rapid  may  be  its  motion,  it  is  not  able  to  move  through  a per- 
ceptible space  during  the  presence  of  the  light,  so  instantaneous 
is  the  progress  of  electricity. 

Many  electricians  imagine  that  the  earth  is  always  in  the 
negative  state,  and  that  the  electricity  invariably  passes  to  it 
from  the  clouds.  Mr.  Morgan,  however,  was  of  opinion,  that 
the  deficiency  is  never  in  the  earth  ; but  we  can  find  no  reason, 
either  from  the  experiments  that  have  been  made,  or  from 
legitimate  deductions,  for  either  of  these  opinions.  It  is  quite 
possible,  from  all  that  has  yet  been  ascertained,  that  the  earth 
may  be  in  either  a positive  or  negative  state,  and  that  accumu- 
lated electricity  may  pass  to  and  from  it,  and  being  conducted 
by  bodies  on  the  surface  of  the  earth,  influence  them  according 
to  their  nature,  or  the  circumstances,  of  the  discharge. 

THUNDER-CLOUDS. 

A thunder-storm  may  generally  be  prognosticated  by  atmo- 
spheric appearances.  A low  dense  cloud  begins  to  form  in 
some  clear  part  of  the  atmosphere,  and,  rapidly  increasing  on 
its  upper  edge,  spreads  itself  out  in  an  arched  form.  A number 
of  small  ragged  clouds,  which  may  be  said  to  resemble  teazled 
flakes  of  cotton,  then  make  their  appearance,  and,  moving  about 
in  various  directions,  approach  and  recede  from  each  other ; 
but  at  last  accumulate,  and  coalesce  with  the  clouds  that  first 
appeared.  The  clouds  then  begin  to  thicken,  and,  moving 
about  with  great  velocity,  throw  from  point  to  point  vivid 


172 


DISTANCE  OF  THUNDER. 


flashes  of  electricity,  as  the  heralds  that  portend  the  approach- 
ing storm. 

The  form  and  colour  of  the  flash,  as  viewed  from  the  earth, 
change  in  appearance  according  to  circumstances.  The  density 
of  the  medium  through  which  the  electricity  moves,  and  the 
nature  of  the  substances  from  and  to  wlrich  it  passes,  are  pro- 
bably the  governing  causes. 

Thunder,  that  is  the  sound  which  attends  the  phenomenon 
of  lightning,  varies  in  intensity  and  character  according  to  the 
height  and  extent  of  the  electric  clouds,  and  the  physical  pecu- 
liarities of  the  country  in  which  it  is  heard.  When  the  dis- 
charge is  made  from  a cloud  at  a short  distance  from  the  earth, 
the  hearer  is  startled  by  a sudden  crash ; when  far  away  he  is 
surprised  by  a deep  grumbling  noise ; when  it  happens  over  a 
flat  country,  or  a place  where  there  are  no  objects  to  produce 
a reverberation,  a series  of  regular  explosions,  increasing  or 
decreasing  in  intensity  with  the  distance  of  the  eloud,  are 
heard  ; when  ovet  a mountainous  or  broken  district,  successive 
claps,  irregular  both  in  time  and  intensity. 

The  rolling  of  thunder  is  produced  by  the  reverberation 
among  the  clouds.  Arago  and  others,  when  making  some  expe- 
ments  on  the  velocity  of  sound,  observed  that  the  explosion  of 
their  guns  produced  a single  and  sharp  sound  when  the  sky 
was  perfectly  clear ; but  when  encumbered  with  clouds,  they 
were  attended  by  a long-continued  roll  that  mimicked 
thunder. 

To  determine  the  distance  of  a thunder-storm,  it  is  only 
necessary  to  ascertain  the  number  of  seconds  which  intervene 
between  the  sight  of  the  lightning  and  hearing  the  sound,  and 
these  multiplied  by  1090,  the  number  of  feet  that  sound  travels 
in  a second,  will  give,  in  feet,  an  approximate  estimate  of  the 
distance  of  the  electrified  cloud  from  the  place  of  observation. 

From  a series  of  observations  that  have  been  made  in  Ger- 
many, it  appears  that  the  general  direction  of  accumulated 
atmospheric  electricity  is  from  west  to  east.  It  does,  however, 
sometimes  happen  that  lightning  rises  in  the  north  and  south, 
but  this  is  comparatively  seldom.  Philosophers  are  not  yet 
acquainted  with  any  general  principles  by  which  they  can 
explain  these  singular  circumstances. 
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LIGHTNING  CONDUCTORS. 

When  Franklin  ascertained  the  electrical  origin  of  lightning, 
he  immediately  perceived  that  his  discovery  might  be  so 
applied  as  to  decrease  the  danger  resulting  from  the  presence 
of  a thunder-storm.  He  knew  that  electricity  was  readily 
conducted  by  metals,  and  that  points  transferred  it  with  greater 
facility  than  blunt  or  rounded  surfaces,  and  therefore  proposed 
* to  attach  pointed  metallic  conductors  to  buildings,  as  a security 
against  the  effects  of  lightning.  Tlie  propriety  of  this  invention 
is  evident.  When  electricity  passes  from  the  clouds  to  the 
earth,  some  bodies  transmit  it  readily,  and  others  as  by  force. 
But  if  two  substances  of  unequal  conducting  power  be  presented, 
the  fluid  will  seize  upon  that  which  is  the  best  adapted  for  its 
transmission.  The  metals  are  the  best  conductors  : bricks  and 
stones  are  among  the  worst ; electricity  will  therefore  be  trans- 
ferred by  the  former,  whenever  they  are  presented  to  it,  and,  by 
their  presence,  the  building  will  be  preserved  from  those  effects 
which  usually  attend  an  electric  stroke.  From  a consideration 
of  these  facts,  we  may  imagine  Franklin  to  have  been  directed 
to  the  propriety  of  applj'ing  metallic  conductors  to  buildings. 
He  proposed  to  fix  a metallic  rod  in  such  a manner,  that  one 
end  penetrating  the  earth  for  some  distance,  the  opposite,  or 
pointed  end,  might  rise  to  the  height  of  a few  inches  above  the 
highest  part  of  the  building.  No  plan  can  be  more  simple  or 
effective  than  this  ; but  there  are  some  cii’cumstances  deduced 
from  observation  and  experiment  that  are  worthy  of  notice. 

The  rods  should,  if  possible,  be  made  of  that  substance  which 
transmits  electricity  most  readily.  The  usefulness  of  a light- 
ning conductor  will  always  depend  upon  the  superiority  of  its 
conducting  power  over  that  of  the  building  it  is  intended  to 
defend.  Lead  and  copper  are  best  able  to  transfer  the  electric 
agent ; but  as  the  fusing  point  of  lead  is  much  lower  than  that 
of  copper,  the  latter  metal  is  always  employed,  and,  in  addition 
to  this  consideration,  it  is  the  better  conductor. 

In  several  instances  accidents  have  been  produced  by  conduct- 
ing rods  of  insufficient  diameter ; and  it  is  equally  dangerous  to 
break  their  connexion,  or,  in  other  words,  to  erect  one  that  is 
not  perfectly  uninterrupted.  The  latter  statement  is  proved  by 
the  effect  of  electricity,  when  it  strikes  an  unprotected  house. 
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flying  from  one  conductor  to  another,  destroying  all  that  may 
oppose  its  progress.  About  the  middle  of  the  last  century,  the 
steeple  of  St.  Bride’s  church,  London,  was  struck  with  light- 
ning, and  in  consequence  of  the  large  quantity  of  iron-work  that 
had  been  employed  in  its  erection,  the  electricity  was  attracted 
from  one  part  to  another,  and  much  damage  was  done.  It 
appears  to  have  entered  the  vane,  and  was  quietly  transferred 
by  the  shaft  on  which  it  was  supported,  but  then  darting 
towards  some  cross  iron  bars,  and  from  thence  to  the  iron 
cramps  which  had  been  used  in  its  construction,  shattered  the 
stones  as  it  passed  along. 

ELECTRICAL  CONDITION  OF  THE  ATMOSPHERE. 

M.  Monnier  appears  to  have  been  the  first  person  who 
observed  that  the  electric  excitement  of  the  atmosphere  is  not 
confined  to  those  periods  when  the  phenomenon  of  lightning  is 
observed.  Sig.  Beccaria  afterwards  examined  this  subject  with 
great  care,  and  is  of  opinion  that  clouds,  rain,  haU,  and  other 
meteorological  phenomena  are  to  be  attributed  to  electricity. 
In  support  of  this  opinion  he  adduces  several  arguments,  and, 
among  others,  states  that  the  presence  of  thunder,  lightning, 
rain,  hail,  snow,  and  wind,  at  the  same  moment,  shows  their 
connexion  with  a common  cause.  It  is  probable  that  Beccaria’s 
opinion  will  be  ultimately  verified,  but  the  reason  he  has  offered 
is  not  sufficient  to  convince  the  sceptic,  or  to  satisfy  a philoso- 
phical mind. 

The  electricity  of  the  atmosphere  is  generally  stronger  in 
winter  than  in  summer,  and  during  the  day  than  at  night ; and 
in  open  and  fine  weather  the  air  is  generally  in  a positive  state. 
The  sources  of  atmospheric  electricity  cannot  be  determined 
with  great  accuracy,  but  it  is  probable  that  the  overcharged 
condition  of  the  air  may  be  chiefly  traced  to  the  constant  eva- 
poration which  is  going  on  from  the  surface  of  the  earth,  a 
phenomenon  which  is  always  attended  by  the  disengagement  of 
electricity.  It  has  been  stated  by  M.  Pouillet,  that  electricity 
is  never  given  off  during  evaporation,  unless  accompanied  by 
chemical  action ; but  of  this  there  is  some  doubt,  though  we 
cannot  in  this  place  mention  those  experiments  which  have 
led  us  to  the  conclusion.  But,  however  this  may  be,  it  is 
admitted  that  a large  amount  of  electricity  is  given  off  by  the 
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evaporation  which  is  going  on  from  the  surface  of  water,  as 
well  as  by  those  numerous  chemical  changes  which  are  so  abun- 
dant in  the  terrestrial  laboratory.  These  agencies  are  probably 
assisted  by  the  influence  of  those  unequal  currents  of  heat  which 
are  circulating  through  the  atmosphere,  and  by  the  friction  of 
atmospheric  strata  moving  in  opposite  directions ; but  it  is,  at 
present,  quite  impossible  to  assign  to  any  cause  its  proportional 
effect  in  producing  the  electric  condition  of  the  atmosphere. 

AURORA  BOREALIS. 

Although  we  are  not  acquainted  with  the  positive  amount 
of  influence  exerted  by  the  electric  agent  in  the  production  or 
regulation  of  meteorological  phenomena,  there  are  some  few 
appearances  which  may,  without  doubt,  be  attributed  to  its 
agency.  One  of  the  most  common  and  beautiful  of  these  is  the 
Aurora  Borealis,  or  the  merry  dancer,  as  it  is  called  in  the  Shet- 
land isles.  In  Sweden,  Lapland,  and  the  polar  regions,  it  is  so 
constant  during  the  long  winter  nights,  that  it  frequently  serves 
the  traveller  instead  of  the  light  of  the  moon. 

“ In  the  north- eastern  parts  of  Siberia,”  saj's  Gmelin,  “ these 
northern  lights  are  observed  to  begin  with  single  bright  pillars 
rising  in  the  north,  and  almost  at  the  same  time  in  the  north- 
east, which,  gradually  increasing,  comprehend  a large  space  of 
the  heavens,  rush  about  from  place  to  place  with  incredible 
velocity,  and  finally  almost  cover  the  whole  sky  up  to  the 
zenith,  and  produce  an  appearance  as  if  a vast  tent  was  spread 
in  the  heavens,  glittering  with  gold,  rubies,  and  sapphire.” 

The  aurora  is  not  a very  common  appearance  in  this  country, 
but  is  generally  seen  in  the  spring  and  autumn  seasons,  and  after 
a continuation  of  dry  weather.  That  which  has  been  so 
vividly  and  minutely  described  by  Dr.  Dalton,  was,  perhaps, 
the  most  splendid  that  ever  illumined  an  English  sky.  “ Atten- 
tion was  first  excited  by  a remarkable  red  appearance  of  the 
clouds  to  the  south,  which  afforded  sufficient  light  to  read  by  at 
eight  o’clock  in  the  evening,  though  there  was  no  moon  or  light 
in  the  north.  Some  remarkable  appearance  being  expected,  a 
theodolite  was  placed  to  observe  its  altitude  and  bearing.  * * * 
From  9^  to  10  p.m.,  there  was  a large  luminous  horizontal  arch 
to  the  southward,  almost  exactly  like  those  we  see  in  the  north, 
and  there  was  one  or  more  concentric  arches  northward.  It  was 
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particularly  noticed  that  all  the  arches  seemed  exactly  bisected 
by  the  plane  of  the  magnetic  meridian.  At  half-past  ten  o’clock 
streamers  appeared  very  low  in  the  S.  E.,  running  to  and  fro 
from  W.  to  E.  ; they  increased  in  number,  and  began  to 
approach  the  zenith,  apparently  with  an  accelerated  velocitj', 
when  all  of  a sudden  the  whole  hemisphere  was  covered  with 
them,  and  exhibited  such  an  appearance  as  surpasses  all  descrip- 
tion. The  intensity  of  the  light,  the  prodigious  number  and 
volatility  of  the  beams,  the  grand  intermixture  of  all  the  primi- 
tive colours  in  their  utmost  splendour,  variegating  the  glowing 
canopy  with  the  most  luxuriant  and  enchanting  scenery, 
afforded  an  awful,  but,  at  the  same  time,  a most  pleasing  and 
sublime  spectacle.  Every  one  gazed  with  astonishment ; but 
the  uncommon  grandeur  of  the  scene  only  lasted  one  minute ; 
the  variety  of  colours  disappeared,  and  the  beams  lost  their 
lateral  motion,  and  were  converted,  as  usual,  into  the  flashing 
radiations  ; but  even  then  it  surpassed  all  other  appearances  of 
the  aurora,  in  that  the  whole  hemisphere  was  covered  with  it.” 
The  aurora  is  evidently  an  electrical  phenomenon,  and  may 
be  readily  imitated  by  ordinary  electricity.  When  electricity 
is  passed  through  a vacuum,  beautiful  streams  of  light  are  pro- 
duced, which  vary  in  colour  and  intensity  according  to  the 
amount  of  air  contained  in  the  tube.  There  is,  however,  some 
connexion  between  the  magnetic  poles  of  the  earth  and  atmo- 
spheric electricity,  but  the  nature  of  their  influence  on  each 
other  is  not  at  present  known.  Dr.  Faraday  considers  it  pro- 
bable that  the  aurora  is  a luminous  representation  of  electricity 
flowing  from  the  equator  to  the  poles  for  the  restoration  of 
electric  equilibrium.  But  it  is  not  as  yet  possible  to  say  with 
certainty  whether  it  is  an  occasional  discharge,  or  a luminous 
representation  of  a constant  stream  of  electricity.  That  it  is  a 
phenomenon  occurring  in  a very  attenuated  atmosphere  there 
can  be  no  doubt,  and  that  it  is  in  someway  connected  with  its 
temperature.  In  Siberia,  one  of  the  coldest  inhabited  coun- 
tries, the  aurora  is  so  brilliant  as  to  sometimes  excite  the  fears  of 
those  who  are  accustomed  to  view  it  from  night  to  night ; and 
it  is  well  known  that  the  electrical  condition  of  the  atmosphere 
is  more  decided  in  winter  than  in  summer;  a circumstance  that 
tends  to  support  the  opinion  that  the  aurora  is  dependent  on  the 
temperature  of  the  atmospheric  strata  in  which  it  is  produced. 


ST-  EliMO  S LIGHT. 


177 


ST.  ELMO’S  LIGHT. 

St.  Elmo’s  light  is  a luminous  meteor  that  frequently  settles 
upon  the  mast-head  of  vessels,  and  is  probably  of  electric  origin, 
though  it  is  never  known  to  produce  any  of  those  disastrous 
effects  which  so  often  attend  lightning.  Sometimes  it  is  confined 
to  the  mast-head,  while  at  other  times  it  gradually  descends  to 
the  deck  itself.  It  was  formerly  supposed  by  mariners  to  be  a 
visible  representation  of  a spirit  they  call  St.  Elmo,  who  is  the 
tutelar  deity  of  those  who  traverse  the  mighty  deep,  and  has  a 
prophetic  power.  IV  hen  it  is  confined  to  the  topmast,  it  is  a 
proof,  in  their  opinion,  that  they  will  experience  bad  weather, 
but  that  it  will  not  continue,  and  cannot  injure  the  vessel. 
But  when  it  descends  the  mast,  it  prognosticates  a disaster  from 
a gale  of  wind,  which  will  be  more  or  less  violent  in  proportion 
to  the  depth  of  its  descent. 

This  appearance  may  be  readily  explained  upon  the  known 
facility  with  which  a pointed  conductor  transfers  electricity  from 
a highly  electrical  atmosphere  ; and  it  is  possible  that  it  may, 
on  ])hilosophical  principles,  be  considered  as  a prognosticatoi  of 
atmospheric  changes,  since  the  agent  itself  has  an  evident  con- 
nexion with  many  meteorological  effects  which  we  at  present 
find  some  difficulty  in  explaining. 

The  phenomenon  observed  by  M.  Allamand,  in  the  Canton  of 
Neufchatel,  may  probably  be  attributed  to  the  same  cause.  As 
tliis  gentleman  was  walking  from  Fleurier  to  Montiers,  he  was 
overtaken  by  a thunder-storm.  Having  closed  his  umbrella, 
lest  the  electricity  should  be  attracted  by  its  metallic  point,  he 
saw  that  the  rim  of  his  hat  was  surrounded  by  a broad  band  of 
light  which  became  more  intense  when  he  passed  his  hand  over 
it.  This  appearance  vanished  as  soon  as  he  came  near  to  some 
tall  trees,  which  in  all  probability  conducted  away  the  electri- 
city from  the  highly-excited  atmosphere. 

Humboldt  observed  the  St.  Elmo  light  during  one  of  his 
\'oyages,  and  we  are  always  glad  to  avail  ourselves  of  his 
descriptions.  “ On  observing  the  appearance  of  the  masts,  the 
main- topgallant  mast-head  from  the  truck  for  three  feet  down 
was  perfectly  enveloped  in  a cold  blaze  of  pale  phosphorus- 
ffioking  light,  completety  embracing  the  circumference  of  the 
mast,  and  attended  with  a flitting  or  creeping  motion,  as  exeni- 
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plified  experimentally  by  the  application  of  common  phosphorus 
upon  a board.  The  fore  and  mizen-topgallant  mast-heads 
exhibited  a similar  appearance.  This  curious  illumination  con- 
tinued with  undiminished  intensity  for  eight  or  ten  minutes, 
when  becoming  gradually  fainter  and  less  extensive,  it  finally 
disappeared, after  a duration  of  not  less  than  half  an  hour.” 

Philosophers  know  that  in  many  instances  occult,  and  appa- 
rently feeble,  agents,  are  productive  of  exceedingly  important, 
if  not  the  most  violent  effects.  When  we  rub  a piece  of  sealing- 
wax  with  a woollen  cloth,  and  induce  in  it  a property  by  which 
it  is  able  to  attract  to  itself  any  light  substance  that  may  be 
near,  it  is  scarcely  possible  to  imagine  that  the  same  agent 
governs  the  formation  of  clouds,  and  that  the  terrific  storm 
which  seems  to  shake  earth  to  its  centre  is  but  its  effect. 

Of  its  nature  we  may  be  ignorant,  yet  it  resides  in  all  bodies, 
and  its  absence  would  probably  be  their  destruction.  There 
are,  it  is  true,  causes  which  disturb  the  equable  distribution  of 
electricity,  accumulating  it  in  one  place  and  reducing  it  in 
another,  but  a conservative  force  exists,  and  lightning  is  but  a 
demonstration  of  the  activity  of  that  force.  The  earth  may 
rob  the  atmosphere,  or  the  atmosphere  may  rob  the  earth,  but 
these  are  means  to  produce  an  effect  necessary  for  the  susten- 
ance of  the  present  terrestrial  arrangements,  and  when  this  has 
been  accomplished,  the  equilibrium  is  again  established.  The 
changes  which  are  constantly  happening,  and  the  want  of  perpe- 
tuity that  characterises  nearly  all  terrestrial  phenomena,  are  the 
elements  by  which  the  Creator  sustains  the  freshness  and  vigour 
of  a world  destined  to  support  and  delight  man  and  the  inferior 
animals  under  his  control. 
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The  Loadstone.— Magnetic  Attraction.— Magnetic  Induction. — Variation  of  the 
Magnetic  Needle. — Annual  Change  of  the  Variation — Diurnal  Change  of 
the  Variation. — The  Dip. — Origin  of  Terrestrial  Magnetism. 

Having  described  the  natural  phenomena  which  result  from 
the  agency  of  electricity,  it  may  be  well  to  make  some  allusion 
to  those  which  depend  on  magnetism.  Philosophers  are  as 
ignorant  of  the  nature  of  the  magnetic  as  they  are  of  the  electric 
principle,  and  they  are  equally  unacquainted  with  the  origin  of 
their  influence  upon,  and  relations  to,  each  other.  So  far  as 
observation  has  extended,  tliere  is  no  lack  of  evidence  calculated 
to  impress  the  inquirer  with  a belief  that  these  causes  are  inti- 
mately connected,  if  they  be  not  in  fact  identical.  But  before 
we  make  any  reference  to  the  nature  of  the  agent,  it  will  be 
necessary  to  describe  some  of  those  effects  by  which  its  presence 
may  always  be  determined. 

The  fundamental  principle  of  the  science  of  magnetism  is, 
that  iron,  and  ferruginous  bodies  in  general,  in  a particular 
state,  have  a directive  power,  one  end  pointing  to  a spot  near 
the  north  pole  of  the  earth,  and  the  other  to  a corresponding 
point  in  the  south.  There  seems,  in  fact,  to  be  a peculiar  affinity 
between  the  poles  of  the  earth,  or  points  near  them,  and  the  ends 
or  poles  of  magnets.  This  attractive  power  is  not  confined,  as 
might  be  supposed,  to  one  pole,  but  is  equally  active  in  both ; 
and  could  we  entirely  neutralise  the  effect  of  one,  the  other 
would  be  found  sufficient  to  keep  the  magnet  in  its  customary 
direction. 

That  we  may  clearly  explain  the  nature  of  this  attractive 
force,  it  will  be  necessary  to  refer  to  a few  facts  wliich  especially 
relate  to  artificial  magnets. 
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The  magnetic  power  was  first  observed  in  a certain  ore  of 
iron.  This  magnetic  iron  ore  appears  to  have  been  known  from 
a very  early  age,  but  by  what  means  it  became  known,  or  to 
wliom  the  discovery  is  due,  can  only  be  a matter  of  conjecture, 
and  fable, in  this  instance  as  well  as  others, supplies  the  place  of 
ti-uth.  The  Chinese  lay  claim  to  the  merit  of  the  discovery, 
and  the  Greeks  induce  us  to  favour  their  pretensions  by  pleas- 
ing the  fancy  with  a beautiful  fable.  The  loadstone,  they  say, 
was  discovered  by  Magnese,  a shepherd  of  Mount  Ida,  who 
found  a piece  attached  to  the  iron  of  his  crook,  and  from  this 
circumstance,  it  is  said,  the  ore  derived  its  name.  The  Hindoos 
are  not  without  pretensions  to  the  honour,  and  support  their 
right  with  reasons  as  feasible  as  those  adduced  by  other  nations. 
The  influence  of  a magnet  upon  ferruginous  bodies  was  probably 
known  Jong  before  its  directive  power,  which  is  to  us  its  most 
important  property,  was  discovered.  It  is  generally  supposed 
that  John  de  Giova,  a Neapolitan,  ought  to  have  the  honour  of 
the  discovery ; but  Dr.  Gilbert  and  others  say  that  the  compass 
was  brought  into  Italy  from  China,  by  Paulus  Venetus,  in  the 
year  1260. 

It  is  not  at  all  singular  that  there  should  be  so  much  differ- 
ence of  opinion  upon  a subject  concerning  which  no  authen- 
ticated evidence  can  be  adduced.  The  magnetic  principle  of  direc- 
tion may  have  been  discovered  in  Asia,  Africa,  or  Europe ; for  vari- 
ous nations  lay  claim  to  the  honour,  and  each  one  has  found  an 
advocate  among  modernauthors.  Europeans  have  been  as  anxious 
to  establish  a right  to  the  discovery  as  other  nations,  and  their 
anxiety  has  been  probably  increased  by  the  knowledge  that  they 
have  long  possessed  a monopoly  of  intellectual  energy.  It  has 
been  justly  remarked, by  a celebrated  writer  on  magnetism,  that 
if  the  discovery  can  be  attributed  to  Europeans,  the  Norwegians 
have  the  best  claim  to  it,  not  only  from  the  character  of  their 
early  enterprises,  but  also  from  the  probability  of  their  meeting 
with  the  ore  among  the  rocks  of  their  native  country.  This 
supposition  is  strengthened  by  the  fact,  that  they  were  ac- 
quainted with  the  art  of  navigation  long  before  other  European 
nations,  or  were  at  least  more  practised  seamen,  and  from  the 
daring  they  evinced  it  may  be  supposed,  without  misapply- 
ing facts,  that  they  were  acquainted  with  the  directive  power 
of  the  magnet.  It  is,  however,  a matter  of  little  importance 
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whether  the  discovery  was  made  in  Europe,  Asia,  or  Africa ; 
for  although  we  should  honour  the  memory  of  the  discoverer, 
did  we  know  his  name,  and  perhaps  speak  of  him  as  “ the 
immortal,’’  yet  his  ear  would  be  deaf  to  our  admiration,  and 
we  should  derive  no  practical  advantage. 

The  magnetic  iron  ore,  or  loadstone,  consists  of  the  protoxide 
and  peroxide  of  iron,  with  a small  proportion  of  silica  and  alu- 
mina. In  the  iron  mines  of  Sweden  and  Norway  it  is  very 
abundant,  and  is  found  in  Arabia,  China,  and  other  Asiatic 
countries.  The  appearance  of  the  ore  varies  according  to  its 
composition.  When  two  or  more  substances  are  chemically 
united  together,  the  properties  and  appearances  by  which  they 
are  individually  known  are  generally  lost,  and  the  combination 
has  characters  peculiar  to  itself.  The  appearance  of  the 
magnetic  iron  ore  is  regulated,  as  might  be  anticipated,  by 
the  proportional  quantities  of  the  several  mineral  substances 
which  compose  it,  though  a practised  mineralogist  may  gene- 
rally detect  it  by  Lts  dark  grey  colour  and  peculiar  lustre.  All 
iron  ores  are  under  the  control  of  the  magnetic  principle,  but 
while  some  only  obey  its  influence,  others  are  the  local  habita- 
tion of  the  principle  itself.  All  ferruginous  substances  are 
attracted  by  the  magnetic  agent,  but  the  magnetic  iron  ore  pos- 
sesses in  itself  the  attractive  power.  If  there  were  but  two 
specimens  of  ii'on  ore — one  magnetic,  the  other  not — it  would 
be  impossible  to  determine  which  possessed  the  magnetic  prin- 
ciple : as  soon  as  they  were  brought  within  the  sphere  of  attrac- 
tion they  would  be  drawn  towards  each  other ; but  there  would 
be  no  means  of  determining  which  was  the  attracting  and  which 
the  attracted.  But  supply  us  with  a second  magnet,  or  a 
fragment  of  iron,  and  this  is  easily  determined.  If  we  take  the 
piece  of  iron  and  bring  it  near  to  the  magnet,  it  is  immediately 
attracted  ; but  if  it  be  brought  into  contact  with  the  unmasnet- 
i.sed  iron,  no  such  force  will  be  brought  into  activity.  If,  in- 
stead of  the  piece  of  iron,  we  are  furnished  with  a magnet, 
entirely  different  phenomena  will  be  presented.  The  unmag- 
netised ore  will  be  attracted  by  it  under  all  circumstances,  in 
whatever  manner  it  be  presented  ; but  the  magnetised  ore  will 
be  sometimes  attracted  and  sometimes  repelled,  and  by  this 
change  of  effect  the  magnetic  principle  is  detected. 

It  has  been  proved  by  Dr.  Faraday  that  iron  is  the  only 
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metal,  wth  the  exception  of  nickel,  susceptible  of  magnetism. 
But  the  agent  has  an  elective  power,  and  is  more  condensed,  if 
we  may  employ  the  expression,  in  that  particular  ore  called  the 
loadstone.  Why  it  resides  in  this  combination  of  substances  in 
preference  to  all  others,  the  philosopher  has  at  present  no  means 
of  determining. 

The  mere  existence  of  a magnetic  iron  ore  would  be  of  little 
importance,  if  there  were  no  method  of  communicating  it  to 
other  bodies.  The  process  that  would  be  required  to  reduce 
the  magnetic  iron  ore  into  a shape  suited  for  the  purposes  to 
which  magnets  are  applied,  W'ould  have  a tendency  to  destroy 
the  power  itself,  for  both  heat  and  hammering  destroy  magnet- 
ism. But  the  natural  magnet  or  loadstone  can  communicate 
its  peculiar  properties  to  iron  and  other  ferruginous  substances. 
If  a small  piece  of  steel,  as  a sewing-needle,  remain  for  a few 
minutes  in  contact  with  a loadstone,  it  will  become  a magnet,  and 
if  freely  suspended  upon  its  centre  of  gravity,  will  direct  itself 
north  and  south  in  the  same  manner  as  the  substance  from  which 
it  derives  its  power.  Bars  of  steel  may  also  be  made  magnetic 
by  rubbing  them  with  a loadstone  or  artificial  magnet.  The 
singular  inductive  power  possessed  by  the  magnetic  principle 
gives  great  facilities  of  investigation,  as  the  agent  may  be  called 
into  activity  in  any  ferruginous  body.  We  might  speculate  as 
to  the  nature  of  this  process,  but  there  is  an  uncertainty  con- 
nected with  it  which  cannot  be  very  easily  removed.  It  is 
possible  that  the  agent,  whatever  it  may  be,  exists  in  all  ferru- 
ginous bodies,  and  that  the  directive  power  results  from  its 
accumulation  and  arrangement ; or  it  may  be  that  it  is  actually 
communicated  by  one  substance  to  another,  a supposition,  how- 
ever, not  very  probable,  as  from  one  magnet  hundreds  may  be 
made,  and  the  original  magnet  will  be  stronger  after  the  process 
than  before — a circumstance  which  cannot  be  reconciled  with 
the  theory  of  communication. 

But  there  is  another  result  peculiarly  characteristic  of  mag- 
nets, or  rather  of  the  agent  itself,  and  that  is,  the  mutual 
attractive  and  repulsive  power  of  magnetic  poles.  That  end 
of  a magnet  which  points  to  the  northern  hemisphere  is  called 
the  north  pole  of  the  magnet,  and  that  which  is  directed  to  the 
southern,  the  south.  But  it  must  not,  from  this,  be  supposed 
that  the  north  pole  of  one  magnet  has  an  attraction  for  the 
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north  pole  of  the  other,  for  the  reverse  is  true : poles  of  the 
same  name  repel,  poles  of  opposite  names  attract.  Acknow- 
ledging the  accuracy  of  this  law  of  the  magnetic  agent  upon 
itself,  it  will  follow  that  we  have  misnamed  the  poles  of  the 
needle.  There  can  be  no  doubt  that  the  force  subsisting  be- 
tween a magnet  and  the  earth  resembles  that  which  is  exerted 
between  two  magnets.  It  would,  therefore,  be  more  proper  to 
reverse  the  names  of  the  poles ; for  as  poles  of  opposite  names 
attract  each  other,  that  which  is  directed  to  the  north  pole  of 
the  earth  is  the  south  pole  of  the  compass.  For  some  reasons 
the  alteration  of  terms  might  even  now  be  desirable;  but  so 
many  inconveniences  arise  from  a change  of  nomenclature,  that 
it  is  more  advantageous  to  keep  an  inaccurate  term  than  to 
confuse  facts  by  the  adoption  of  a better,  and  especially  when 
those  terms  are  in  common  use  among  practical  men. 

These  preliminary  statements  will  enable  us  to  explain  the 
action  which  subsists  between  a magnet  and  the  earth,  and  the 
variations  to  which  the  directive  power  is  subject.  The  facts 
will  perhaps  be  more  intelligible  if  we  imagine  the  earth  to  be 
a magnet,  or  rather  to  enclose  a magnet  extending  from  north 
to  south,  having  a revolution  round  a small  circle  in  both  hemi- 
spheres. But  at  the  same  time  the  reader  must  bear  in  mind 
that  the  hypothesis  is  only  employed  for  the  sake  of  illustration. 

The  poles  of  a magnet  freely  suspended  do  not  point  to  the 
poles  of  the  earth’s  rotation,  and  hence  we  may  deduce  that  the 
poles  of  rotation  and  the  terrestrial  magnetic  poles  are  not  situ- 
ated in  the  same  point.  This  circumstance  may  possibly  have 
led  the  navigators,  who  first  employed  the  magnet  to  direct  their 
course  over  unknown  seas,  into  many  errors ; and  the  inaccu- 
racies which  we  sometimes  detect  in  their  observations  may 
frequently  be  traced  to  the  same  cause.  But  the  variation  and 
changes  in  the  direction  do  not  in  any  degree  affect  the  prac- 
tical utility  of  the  magnetic  needle,  when  employed  by  the 
mariner  to  direct  him  from  shore  to  shore  over  known  and 
unknown  seas. 

The  application  of  the  directive  power  of  magnets  has 
done  more  to  extend  our  acquaintance  with  the  geography 
of  the  earth  and  the  condition  of  its  inhabitants,  to  extend 
commerce,  to  promote  manufactures,  and  to  civilise  mankind, 
than  any  other  scientific  fact.  It  is  true  that  navigation  in  a 
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great  degree  depends  upon  astronomy,  but  it  is  scarcely  possible 
to  imagine  how  the  sailor  could  dare  a passage  over  the  vast 
wild  of  waters  had  he  not  the  compass  as  his  director.  The 
heavens  covered  from  day  to  day  with  an  impenetrable  curt.dn 
would  be  a chilling  anticipation  to  the  mariner,  sufficient  to 
quench  the  most  enthusiastic  ardour  for  discovery  or  com- 
merce ; but  with  the  magnet  he  is  comparatively  safe,  for 
though  causes  do  exist  by  which  the  directive  power  may  be 
destroyed,  yet  even  the  voyager  may  be  put  in  possession  of 
means  by  which  to  restore  it ; and  it  is  a singular  circumstance 
that  the  agent  which  destroys  can  also  restore.  Several  instances 
have  occurred  in  which  vessels  have  been  struck  with  lightning, 
and  the  passage  of  the  electricity  through  the  magnets  has 
either  destroyed  or  reversed  their  polarity.  It  is  seldom  that 
the  mariner  possesses  the  means  of  inducing  again  the  same 
power ; but  it  is  well  known  to  the  electrician  that  magnetism 
is  produced  by  the  passage  of  electricity  through  ferruginous 
substances.  These  accidents  however  are  by  no  means  frequent ; 
their  number  bears  no  proportion  to  what  might  be  anticipated 
from  the  frequency  of  electrical  disturbance,  and  in  no  instance 
has  the  spirit  of  discovery  been  retarded  by  the  fear  of  acci- 
dents ; but  with  the  compass  in  his  hand  man  has  traversed 
deserts  and  oceans,  introduced  civilization  and  the  arts  of  life 
into  the  most  inhospitable  and  barbarous  climes,  and  established 
that  communication  between  nations  which  must  ultimately  be 
productive  of  the  greatest  possible  advantages  to  society  at 
large. 

We  are  sometimes  almost  persuaded  to  believe  that  terres- 
trial magnetism  was  provided  to  facilitate  the  efforts  of  man  in 
extending  the  benefieial  influence  of  knowledge,  and  to  encou- 
rage the  feeling  of  curiosity  by  which  he  is  so  much  governed  in 
all  his  determinations  and  actions.  That  this  was  one  of  the 
motives  which  influenced,  if  we  may  so  speak  with  reverence,  the 
Eternal  Mind,  is  probable,  but  we  can  assign  no  limit  to  the 
influence  of  the  magnetic  principle  as  developed  on  the  surface 
of  the  earth. 

The  view  we  are  accustomed  to  take  of  material  creation  is  so 
imperfect  and  confined,  that  appearances  seem  entirely  independ- 
ent of  one  another,  and  the  system  of  the  world  to  be  thus,  as 
it  were,  disjointed  and  broken.  We  ought  to  use  our  theoreti- 
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cal  opinions  as  niiiTors,  not  so  much  for  the  purpose  of  looking 
at  them,  as  of  discovering  some  other  objects  by  their  means. 
'I'he  Creator  must  regard  the  universe  as  a mighty  indivi- 
duality, illustrating  his  vrisdom  and  power.  Weseebut  a portion 
of  it,  and  are  compelled  to  divide  and  subdivide  that  which 
comes  under  our  view;  so  that  we  are  happy  if  we  can  but 
ascertain  the  cause  and  relations  of  some  one,  and  that  perhaps 
an  unimportant  phenomenon.  Ultimate  principles  are,  we 
believe,  entirely  beyond  our  reach  ; and  the  only  reason  we  can 
give  for  the  existence  of  the  complex  phenomena  by  which  we 
are  surrounded,  is  the  will  of  an  Almighty  Mind  to  support  the 
existence  of  animal  life  in  a pleasurable  condition.  But  when 
we  look  at  the  causes  which  are  influential  in  the  production  of 
this  result,  w'e  cannot  but  feel  surprised  at  the  means  wdiieli 
have  been  employed  for  its  accomplishment ; for  although  we 
perceive  their  adaptation  to  produce  the  result,  yet  they  seem  to 
act  the  one  against  the  other,  but  without  interference,  as  though 
they  had  no  other  ol>ject  than  to  prove  the  mutability  of 
material  existence.  Destructive  and  conservative  agents  are 
everywhere  acting  in  concert,  and  the  removal  of  either  w'ould 
create  inextricable  confusion. 

POLARITY  AND  INDUCTION. 

From  a very  early  age  it  was  knowm  that  the  natural  magnet 
or  loadstone  has  the  property  of  directing  itself  to  the  north  and 
south  poles  of  the  earth,  and  from  the  writings  of  Plato  we  may 
judge  that  the  ancients  were  not  unacquainted  with  the  fact  that 
the  same  power  may  be  communicated  to  bodies  containing  iron. 
Whether  they  were  informed  as  to  the  conditions  which  are 
most  advantageous  for  the  reception  of  the  magnetic  power  is 
doubtful ; but  it  is  now  well  k-nown  that  hardness  is  a property 
essentially  necessary  for  permanent  induction.  Soft  iron  is 
strongly  magnetised  by  mere  contact  with  a magnet,  but  the 
moment  the  magnet  is  removed  the  property  is  lost.  Steel  also 
is  magnetised  under  the  same  circumstances,  but  the  induction 
is  less  rapid,  though  after  a long  contact  it  permanently  retains 
the  communicated  property, and  becomes  a magnet. 
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VARIATION  OF  THE  MAGNETIC  NEEDLE. 

When  a magnet  is  freely  suspended  in  such  a manner  as  to 
have  the  power  of  horizontal  motion,  it  turns  itself  nearly  north 
and  south,  and,  if  disturbed,  returns  after  a few  oscillations,  to 
the  same  position.  There  are  some  places  where  it  points  to 
the  north  and  south  poles  of  the  earth,  but  in  nearly  all  situa- 
tions it  is  directed,  more  or  less,  to  the  east  or  west  of  these 
poles  ; this  deviation  is  called  the  variation  of  the  compass,  and 
differs  in  amount  and  direction  according  to  the  geographical 
position  of  the  place  in  w'hich  the  experiment  is  made. 

[The  variation  to  which  the  earth’s  magnetic  force  is  subject 
may  be  distinguished  by  the  terms  secular,  periodical,  and 
irregular.  Secular  changes  are  such  as  are  slowly  progressive, 
and  which  run  through  a certain  course  in  very  long  periods 
of  time,  returning  finally  to  their  original  nature.  Periodical 
changes  are  certain  variations  or  regular  changes,  happening  in 
short  periods  of  time,  such  as  a day,  a month,  or  even  a year. 
Irregular  changes  are  such  as  cannot  be  traced  through  any 
uniform  course,  and  which  are  not  apparently  subject  to  any 
given  law. 

The  line  which  connects  all  those  places  together,  where  the 
magnet  has  no  variation,  is  called  the  line  of  no  variation.  This 
line  has  no  relation  to  those  great  circles  which  are  called  bj’^ 
the  geographer  meridians.  It  may  be  traced  from  the  north 
magnetic  pole  of  the  earth,  supposed  to  be  situated  to  the 
westward  of  Baffin’s  Bay,  to  the  United  States  of  North 
America.  Crossing  this  continent  it  enters  the  Atlantic,  pass- 
ing to  the  east  of  the  windward  West  India  Isles,  towards  the 
north-eastern  point  of  South  America,  over  the  southern 
Atlantic  into  the  antarctic  circle;  but  its  course  here  is  un- 
known. It  is  found  again  to  the  south  of  Van  Diemen’s  Land, 
and  crosses  the  western  part  of  the  Australian  continent.  In 
the  Indian  Archipelago  it  is  divided.  One  branch,  crossing 
the  Indian  Sea  to  Cape  Comorin,  traverses  Hindostan,  Persia, 
and  the  western  part  of  Siberia,  and  enters  the  North  Sea;  the 
other  branch  traverses  China,  Chinese  Tartary,  and  the  eastern 
part  of  Siberia. 
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The  deviation  of  the  compass  from  the  true  meridian,  termed 
the  declination  or  variation  of  the  magnetic  needle,  appears  to 
have  been  known  in  the  East  at  a very  early  period,  especially 
in  China.  Keow-tsoung  chy,  a Chinese  philosopher,  who 
wrote  on  subjects  of  natural  history  at  the  commencement  of 
the  twelth  century,  states  that  “the  magnetic  needle  declines 
towards  the  east,  and  hence  does  not  point  straight  to  the  south, 
but  is  only  five-sixths  to  the  south.”  In  confirmation  of  this,  Pere 
Amiot,  who  resided  at  Pekin  about  the  year  1780,  observes,  in 
reference  to  the  north-pole  of  the  magnet,  “ the  magnetic 
needle  still  persists,  in  this  capital,  in  pointing  2”  and  2°  30' 
towards  the  west,  which  is  still  a peculiarity  of  this  country.” 
In  reference  to  the  south  pole,  the  Chinese  say  that  “ the 
needle  declines  eastward  2*^  and  2°  30' ; that  it  is  never  more 
than  4°  30',  and  never  less  than  2'^.” 

In  Europe  no  experiments  of  importance  were  made  till  the 
close  of  the  sixteenth  century  ; and  yet,  if  we  are  to  place  any 
reliance  on  a manuscript  written  by  Peter  Adsiger  (in  1269), 
and  deposited  in  the  University  of  Leyden,  we  may  conclude 
that  the  phenomenon  of  an  east  declination  in  the  north  pole 
of  the  needle  was  then  known.”  Take  notice”  (says  Adsiger, 
as  quoted  by  Cavallo),  “that  the  stone,  as  well  as  the  needle 
that  has  been  rubbed  by  it,  does  not  point  exactly  to  the  poles; 
but  that  part  of  it  which  is  reckoned  to  point  to  the  south 
declines  a little  to  the  west,  and  that  part  w'hich  looks  towards 
the  north  inclines  as  much  to  the  east.  The  exact  quantity  of 
this  declination  I have  found,  after  numerous  experiments,  to 
be  five  degrees.”  This  deviation  of  the  compass  from  the  true 
meridian  was  also  noticed  by  the  great  Venetian  pilot,  Sebas- 
tian Cabot,  who  was  in  the  service  of  Henry  VII.  of  England, 
by  Gonzales  Oviedo,  and  by  the  celebrated  Columbus,  as  well 
as  other  early  enterprising  navigators.  The  fact,  indeed, 
appears  to  have  caused  no  small  confusion  and  anxiety  among 
the  sailors  who  accompanied  Columbus  in  his  first  voyage  to 
America ; for  the  needle  had  always  been  supposed  to  point 
true  north.  On  the  13th  of  September,  1492,  Columbus  un- 
expectedly found,  at  night-fall,  his  needle  pointing  6°  to  the 
west  of  the  polar  star.  He  again  examined  this  deviation  the 
next  night,  and  found  it  to  increase  as  he  advanced — a circum- 
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Stance  which  caused  the  greatest  consternation  and  alarm ; for 
it  appeared  as  if  “ the  laws  of  nature  were  changing,  and  that 
the  compass  was  about  to  lose  its  mysterious  power.”  Colum- 
bus, however,  quieted  the  fears  of  the  crew  by  telling  them 
that  the  needle  had  its  daily  changes  round  the  pole  like  the 
heavenly  bodies. 

Numerous  as  have  been  the  speculations  of  philosophers  on 
magnetic  variation,  and  its  probable  causes,  no  decided  results 
have  as  yet  been  obtained.  The  existence  of  what  is  called  the 
“ North-west  Magnetic  Pole,”  to  which  the  variation  of  the 
needle  may  be  attributed,  is  generally  admitted.  Halley  sup- 
posed this  pole  to  be  situated  on  the  west  of  Baffin’s  Bay. 
Euler  places  it  76°  north  latitude,  and  98°  west  longitude;  and 
the  discoveries  made  by  Capt.  Parry  and  other  arctic  voyagers 
in  modern  times,  tend  to  prove  that  he  was  not  far  from  the 
mark.  As  nearly  as  the  spot  can  be  made  out,  from  the  obser- 
vations of  these  arctic  voyagers,  the  mysterious  pole,  or  mag- 
netic power,  must  be  situated  not  far  from  the  meridian  of 
102°  west,  and  somewhere  between  the  latitudes  of  72°  and 
74°,  or  probably  farther  north  ; as  the  dipping  needle  in 
72°  45'  15”  of  latitude,  and  of  89°  41'  42”  of  longitude,  stood 
at  80°  26'  42'',  and  in  75°  23'  25"  of  latitude,  and  112°  29'  30” 
of  longitude,  gave  a dip  of  88°  36'  95”;  the  west  variation  in 
the  former  lay  118°  23'  37";  and  the  east,  in  the  latter, 
117°  52'  V2”.  Thus  it  is  evident,  that  when  the  observer  is 
situated  on  the  meridian  of  the  magnetic  pole,  he  will  be  on  the 
line  of  no  variation  in  our  hemisphere.  By  moving  on  this 
meridian  till  the  needle  stands  at  90°,  and  by  ascertaining  the 
exact  latitude  and  longitude  of  this  situation,  the  great  problem 
might  posdbly  be  solved.] 


ANNUAL  CHANGE  IN  THE  VARIATION. 

Norman  appears  to  have  been  the  first  philosopher  who 
observed  with  accuracy  the  variation  of  the  needle  in  London, 
but  the  time  of  his  observation  is  not  knowm.  It  w'as  then  1 1° 
15'  east.  Mr.  Christie,  speaking  of  this  subject,  says,  “No  date 
is  given  for  this  observation ; but  from  the  circumstance  of 
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BuTOugh  referring  to  Norman’s  book,  in  the  preface  to  his 
‘ Discourse  of  the  Varintion  of  the  Compass^  dated  1581,  it 
w'ould  appear  that  there  must  liave  been  an  earlier  edition  of 
Norman’s  book  than  that  of  159(5,  and  that  his  observations 
must  have  been  made  before  1581.”  This  writer,  however, 
was  not  aware  of  the  fact,  that  the  variation  of  the  needle  is 
constantly  changing,  though  he  did  know  that  the  variation 
itself  depends  upon  the  position  of  the  place  in  which  the  ob- 
servation is  made.  “ Although,”  he  says,  “ this  variation  of 
the  needle  be  found  in  travel  to  be  divers  and  changeable,  yet 
at  any  land,  or  fixed  place  assigned,  it  remaineth  always  one, 
still  permanent  and  abiding.”  We  do  not  pretend  to  decide 
upon  the  claims  of  individuals  to  the  honour  of  discovering  that 
important  philosophical  fact,  the  annual  change  of  the  variation. 
Some  writers  give  credit  to  Gunter,  and  others  to  Gellibrand ; 
and  as  they  both  have  claims  which  cannot  be  disputed,  there 
is  little  hope  of  deciding  between  them. 

In  16G0,  the  line  of  no  variation  passed  through  London,  so 
that  at  that  time  the  needle  must  have  pointed  directly  north 
and  south.  From  this  period  the  line  of  no  variation  moved 
westward  til!  1818,  when  the  variation  in  London  was  24“  30', 
and  it  has  since  been  retrograding ; so  that,  in  the  course  of 
years,  the  needle  will  again  point  to  the  north  and  south  poles 
of  ilie  earth,  and  then  take  an  easterly  direction.  Paris  was 
on  the  line  of  no  variation  in  the  year  1664 ; and  in  1824  the 
variation  ivas  22“  44'  west  ■ at  this  time,  or  shortlj-  afterwards, 
it  came  to  its  maximum,  for  M.  Arago  found  that  in  October 
1829  it  was  22°  12'  6". 

'Phis  constant  change  in  the  variation  of  the  magnetic  needle 
is  a subject  of  great  interest ; for  until  the  rate  of  change  is 
accurately  determined,  there  must  be  some  degree  of  uncer- 
tainty in  the  use  of  the  compass.  Should  the  point  of  direction 
vary  only  half  a degree,  it  might  be  of  serious  eonsequence  to 
the  navigator.  Some  years  must  elapse  before  w'e  can  be 
supplied  with  (he  data  necessary  to  determine  the  law  which 
governs  the  annual  change  of  variation.  It  is  stated  by  the 
author  of  Magnetism,  in  the  Library  of  Useful  Knowledge, 
from  a table  given  by  Mr.  Gilpin  in  the  Philosophical  Transac- 
tions, that  the  amount  of  annual  change  has  been  continually 
decreasing  from  the  commencement  of  the  eighteenth  century. 
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P’rom  1G22  to  1773  it  was  only  8';  from  1787  to  1795  it  was 
5' ; from  that  time  to  1802,  only  1'  2"  ; in  1818  it  was  reduced 
to  zero.  The  law  which  governs  these  changes  may  be  deter- 
mined when  a more  extensive  series  of  observations  have  been 
made. 


DIURNAL  CHANGE  IN  THE  VARIATION. 

The  magnet  is  subject  to  a diurnal  as  well  as  an  annual 
change  of  the  variation.  This  was  discovered  by  Graham,  in 
the  year  1772,  the  greatest  westerly  variation  happening,  as  he 
supposed,  about  noon  and  the  four  following  hours,  the  least 
about  seven  in  the  evening.  More  accurate  observations  were 
afterwards  made  by  other  experimenters,  and  the  motion  was 
found  much  more  complex  than  was  at  first  imagined.  Com- 
mencing our  observations  at  about  seven  or  half-past  seven 
o’clock  in  the  morning,  we  observe  the  needle  to  have  a slight 
westerly  motion,  which  continues  till  about  two  o’clock  in  the 
afternoon.  The  direction  of  the  motion  is  then  changed,  and 
the  needle  slowly  retrogrades,  and  returns  to  the  eastward  until 
evening ; it  then  again  takes  a westerly  direction,  returning 
again  during  the  night,  or  early  in  the  morning.  Its  maximum 
easterly  direction  is  about  seven  o’clock  in  the  morning.  This 
daily  change  of  variation  amounts  at  some  periods  of  the  year 
to  14'  or  16',  and  is  greater  during  the  summer  than  the  winter 
months,  but  in  which  month  it  is  greatest  has  not  been  decided. 
Canton  and  Wargentin  thought  its  maximum  to  be  in  the 
month  of  July ; but  according  to  Colonel  Beaufoy’s  experi- 
ments, it  is  greatest  in  June  and  August,  and  in  this  gentle- 
man’s results  we  may  place  great  dependence,  from  his  known 
accuracy  as  well  as  from  the  time  he  continued  to  observe  the 
phenomenon. 

From  the  moment  that  the  diurnal  change  in  the  variation 
was  observed,  it  has  been  a favourite  supposition  that  it  has  its 
origin  in  the  action  of  solar  heat ; but  it  is  only  since  Oersted’s 
ever-memorable  experiments  upon  the  influence  of  voltaic 
currents  on  the  magnetic  needle,  and  Sebeck’s  discovery  of  the 
influence  of  heat  in  inducing  electric  action,  that  any  well-founded 
theory  of  magnetic  action  and  of  the  phenonomena  resulting 
from  it  has  been  formed.  But  we  shall  hereafter  have  occa- 
sion to  refer  to  the  origin  of  terrestrial  magnetism ; the  diurnal 
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vaviation  is  the  present  object  of  attention.  If  the  unequal  dis- 
tribution of  heat  through  metallic  bodies  can  cause  the  develop- 
ment of  electric  currents,  then  the  earth, — containing  metallic  as 
well  as  other  substances,  and  being  subject  to  a constant  variation 
of  temperature,  in  consequence  of  its  diurnal  and  annual  revo- 
lution,— must  be  in  an  unequal  electric  condition,  and  conduct 
through  its  mineral  crust  electric  currents  of  varying  intensity 
and  character.  The  superficial  crust  of  the  earth  can,  in  fact, 
only  be  considered  as  a vast  thermo-electrical  apparatus,  and  to 
its  influence  we  may  trace  the  diurnal  variation  of  the  needle. 
Mr.  Christie,  speaking  of  a course  of  experiments  he  made  on 
this  subject,  says,  “ From  these  I drew  the  conclusion  that  one 
part  of  the  earth,  with  the  atmosphere,  being  more  heated  than 
the  other,  two  magnetic  poles,  or  rather  electric  currents  pro- 
ducing effects  referable  to  such  poles,  would  be  formed  on  each 
side  of  the  equator,  poles  of  different  names  being  opposed  to 
each  other  on  the  contrary  side  of  the  equator ; and  that  dif- 
ferent points  in  the  earth’s  equator  becoming  successively  those 
of  greatest  heat,  these  poles  would  be  carried  round  the  axis  of 
the  earth,  and  would  necessarily  cause  a deviation  in  the  hori- 
zontal needle.  On  comparing  experimentally  the  effects  that 
would  result  from  the  revolution  of  such  poles  with  the  diurnal 
deviation  at  London,  as  observed  by  Canton  and  Beaufoy,  also 
with  those  observed  by  Lieut.  Hood,  at  Fort  Enterprise,  and 
finally  with  the  late  Captain  Foster  at  Port  Bowen,  I found 
a close  agreement  in  all  cases  in  the  general  character  of  the 
phenomena,  and  that  the  times  of  the  maxima  east  and  west 
did  not  differ  greatly  in  the  several  cases.  The  double  oscilla- 
tion of  the  needle  clearly  resulted  from  this  view  of  the  subject. 
Some  of  the  experiments  to  which  I have  referred  showed  that 
when  heat  was  applied  to  a globe,  the  electric  currents  excited 
were  such  that  on  contrary  sides  of  the  equator,  the  deviations 
of  the  end  of  the  needle  of  the  same  name  as  the  latitude  were 
at  the  same  time  always  in  the  same  direction,  either  both 
towards  east,  or  both  towards  west.”  The  diurnal  deviation  is 
greatly  influenced  by  local  causes,  such  as  the  state  of  the 
weather,  and  especially  the  temperature  ; a circumstance  which 
strongly  tends  to  confirm  the  supposition  that  it  is  under  the 
control  of  those  electric  currents  excited  by  the  action  ot 
unequal  currents  of  heat. 


192 


DIP. 


De  Saussure  made,  some  time  since,  a series  of  experiments 
on  the  Col  du  Geant,  at  an  elevation  of  about  11,800  feet  above 
the  level  of  the  sea,  with  the  object  of  determining  the  influence 
of  elevation  upon  the  diurnal  change  of  variation.  By  com- 
pai-ing  the  result  of  these  observations  with  those  which  he 
obtained  at  Chamouni  and  Geneva,  he  discovered  that  the 
change  is  but  little  influenced  by  the  altitude  of  the  place,  the 
course  of  the  diurnal  variation  being  the  same  in  the  three 
localities,  the  times  of  the  least  and  greatest  variations  being 
later  on  the  Col  du  Geant  than  at  Chamouni  or  Geneva. 

DIP. 

The  needle  is  subject  to  a perpendicular  as  well  as  a vertical 
motion.  Norman  discovered  that  a needle,  accurately  balanced, 
and  perfectly  horizontal  before  it  was  touched  by  a magnet, 
alvvays  lost  its  position  after  the  magnetic  principle  was  com- 
municated to  it,  the  north  pole  declining  below  the  horizon 
in  those  countries  situated  in  the  northern  hemisphere.  This 
ingenious  philosopher  invented,  about  the  year  1576,  an  instru- 
ment by  which  to  measure  the  inclination  or  dip,  and  deter- 
mined it  to  be,  in  London,  about  7l®  50'.  He  w'as  aware  of 
the  fact  that  the  dip  changes  with  the  situation  of  the  place  in 
which  the  needle  is  suspended,  but  he  was  unacquainted  with 
the  origin  of  this  change. 

It  may  be  stated  as  a general  law,  that  the  dip  increases  from 
the  equator  to  the  poles.  If  the  poles  of  the  earth’s  rotation 
were  the  magnetic  poles,  then  this  W’ould  be  strictly  true,  and 
on  the  equator  the  magnet  would  be  horizontal,  while  at  the 
poles  it  would  be  vertical.  But  as  the  terrestrial  and  magnetic 
poles  do  not  coincide,  neither  can  the  terrestrial  and  magnetic 
equator. 

The  dip  may  be  very  well  illustrated  by  suspending  a small 
magnetic  needle  over  a large  bar-magnet, — when  the  middle  is 
situated  directly  over  the  centre  of  the  magnet  it  will  be  hori- 
zontal, having  no  tendency  to  incline  either  to  one  pole  or  the 
other.  But  as  it  is  removed  from  this  point  to  either  end,  the 
inclination  is  observed,  and  when  situated  over  the  pole,  it 
would,  if  uninfluenced  by  other  forces,  be  quite  vertical.  The 
same  appearances  are  observed  on  the  surface  of  the  earth,  for 
it  acts  as  though  it  were  a magnet,  and  there  is  a line,  called 
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the  magnetic  equator,  on  v/hich  the  magnetic  needle  has  no  dip, 
and  there  are  points  in  both  hemispheres  where  it  is  vertical. 

The  magnetic  equator  is  not  an  exact  circle  of  the  sphere;  for 
although  it  does  not  recede  from  the  terrestrial  equator  north 
or  south  more  than  16°  or  16°,  yet  it  cuts  the  equator  in  four 
places  at  least.  Captain  Duperry  crossed  the  magnetic  equator 
several  times  during  his  voyage  round  the  world,  which  was 
commenced  in  the  year  1822  and  completed  in  1825.  The 
results  of  his  observations  are  given  in  the  “ Annales  de  Chimie 
et  de  Physique.’’  The  node  of  the  magnetic  equator,  or  that 
point  where  it  crosses  the  equator  of  the  earth,  is  near  the 
island  of  St.  Thomas,  about  3°  20'  to  the  east  of  the  meridian 
of  Paris.  From  this  point  it  advances  rapidly  to  the  north- 
east, and  crosses  the  continent  of  Africa.  It  then  stretches 
onward,  for  a short  distance,  in  a line  almost  parallel  to  the 
equator,  but,  gradually  declining,  passes  through  the  south  of 
Hindostan,  touching  the  northern  extremity  of  the  island  of 
Ceylon,  and  forms  an  irregular  line  passing  through  Malacca, 
the  north  of  the  island  of  Borneo,  and  to  the  south  of  the 
Carolinas.  At  about  175°  east  of  Paris  it  again  crosses  the 
equator,  and  makes  but  a small  angle  until  it  reaches  about 
100°  west  from  Paris,  when  it  takes  an  eccentric  course  through 
South  America,  having  in  some  places  a distance  from  it  of 
16°.  It  then  passes  in  an  irregular  line  through  the  Atlantic 
towards  the  island  of  St.  Thomas.  There  is,  however,  a singu- 
lar circumstance  which  has  been  observed  concerning  its  passage 
through  the  Pacific  Ocean.  In  longitude  113°  14'  west,  the 
magnetic  equator  crosses  the  equator  of  the  earth,  and  in  longi- 
tude 156°  30'  it  has  been  traced  at  some  distance  to  the  south 
of  the  equator;  but  in  the  sea  of  China,  in  116°  east  longitude, 
it  is  north  of  the  equator,  and,  consequently,  must  have  inter- 
sected it  in  some  point  between  these  two  places.  Three  points 
where  the  magnetic  and  terrestrial  equators  cross  each  other 
may  therefore  be  said  to  have  been  determined  ; and  there  are 
strong  probabilities  that  there  may  be  even  more. 

But  the  dip  is  subject  to  change  as  well  as  the  variation. 
When  Norman  made  his  experiment  in  1576,  the  inclination 
was  7l°  50'.  In  1828  Captain  Sabine  found  it  to  be  69°  47' ; 
and  Captain  Segelcke  measured  it  at  Woolwich,  in  November 
1830,  as  OO"  38^.  The  magnetic  equator  is  not,  therefore,  a 
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fixed  line,  but  varies  with  the  position  of  the  magnetic  poles. 
According  to  the  experiments  of  Captain  Sabine,  the  dip  has 
been  decreasing  about  three  minutes  annually  for  the  last  fifty 
years. 

There  are  many  subjects  of  great  interest  connected  with  the 
magnetism  of  the  earth,  to  which  we  cannot  even  allude  in  this 
outline  sketch,  but  must  close  the  chapter  with  an  account  of 
some  of  those  opinions  which  have  been  entertained  as  to  the 
origin  of  terrestrial  magnetism. 

ORIGIN  OF  TERRESTRIAL  MAGNETISM. 

The  name  of  Gilbert  will  ever  be  associated  with  the  science 
of  magnetism,  for  we  are  equally  indebted  to  him  for  the  variety 
and  accuracy  of  his  experiments  and  the  soundness  of  his  de- 
ductions, so  far,  at  least,  as  the  state  of  the  science  in  his  day 
admitted.  This  eminent  philosopher,  to  whose  memory  pos- 
terity has  not  awarded  justice,  considered  the  earth  to  act  upon 
a needle,  as  though  it  were  itself  a magnet,  and  that  the  direction 
of  the  magnet  was  due  to  the  earth’s  magnetic  power.  That 
end  of  the  needle  which  points  to  the  north  pole  of  the  earth  he 
called  the  south  pole  of  the  magnet,  and  that  which  points  to 
the  south  he  called  the  north  pole.  Although  the  names  of 
the  poles  have  been  changed,  they  were  accurately  designated 
by  Gilbert,  and  the  names  by  which  they  are  now  knowm  con- 
tradict the  acknowledged  principle  that  poles  of  the  same  name 
repel  each  other. 

Halley  accounted  for  the  variation  and  dip  by  supposing  the 
existence  of  four  terrestrial  magnetic  poles,  two  in  each  hemi- 
sphere. One  of  the  northern  he  conjectured  to  be  about  7°  from 
the  pole  of  the  earth,  in  the  meridian  of  the  Land’s  End,  and 
the  other  about  15“  from  the  pole,  in  tlie  meridian  of  California. 
One  of  the  south  poles  he  supposed  to  be  situated  about  16“  from 
the  terrestrial  pole  of  the  southern  hemisphere,  in  a meridian 
about  20“  to  the  westward  of  Magellan’s  Straits.  The  other, 
which  Halley  considered  the  most  powerful  of  the  four,  he  con- 
ceived to  be  about  20“  from  the  pole  of  the  earth,  and  in  about 
120“  east  longitude.  One  pole  in  each  hemisphere  was  sup- 
posed, according  to  the  terms  of  this  theory,  to  have  a revolution 
round  the  magnetic  axis  in  a period  of  about  seven  hundred 
years. 
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Professor  Hansteen  has  adopted  Halley’s  hypothesis  so  far,  at 
least,  as  to  acknowledge  the  existence  of  four  magnetic  poles, 
though  he  supposes  them  all  to  be  in  motion,  the  northern  poles 
having  a revolution  from  west  to  east,  the  southern  from  east 
to  west.  This  theory  accounts  for  many  phenomena,  and  has 
received  much  attention  from  philosophers  in  this  as  well  as  in 
other  countries. 

There  has  been  much  speculation  as  to  the  cause  of  this  rota- 
tory motion  of  the  magnetic  axis.  Some  writers  have  attributed 
it  to  the  progressive  oxidation  of  the  metals,  some  to  cold,  and 
others  to  electricity.  But  the  attention  of  all  observers  is  now 
turned  towards  the  application  of  the  wonderful  discoveries 
which  have  been  made  in  the  circumstances  and  effects  of  elec- 
tro-magnetic action,  hoping  that  the  time  may  not  be  very  far 
distant  when  the  cause  of  magnetism  will  be  perfectly  under- 
stood and  its  phenomena  accurately  traced. 


o 2 


CHAPTER  VIII. 
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Geological  Theories. — The  Crust  of  the  Earth. — Order  of  Rocks.— Stratifica- 
tion of  Rocks.— Cleavage  of  Rocks. — Disturbed  Strata — Elevation  and 
Depression  of  Strata.— Classification  of  Stratified  Rocks. — Unstratified 
Rocks. — Granitic  Rocks — Trap  Rocks. — Granitic  and  Trap  Veins. — Metal- 
lic Veins. — Coal  Measures. — Organic  Remains. — Fossil  Reptiles  and  Mam- 
malia.— Diluvian  Action.— Superficial  Gravels.^ — Boulders. — Bone  Caverns. 
— Formation  of  Valleys. — Temperature  of  the  Interior  of  the  Earth.— 
Volcanoes. — Volcanic  Islands. — Earthquakes. — Thermal  Springs. — Origin 
of  Volcanic  Action. 

When  we  compare  the  depth  of  the  deepest  mine,  added  to 
the  height  of  the  highest  mountain,  with  the  semi-diameter  of 
the  earth,  we  must  perceive  that  it  is  almost  literally  true  that 
we  are  ignorant  of  the  constitution  and  condition  of  its  interior. 
But  it  is  singular  that,  with  so  few  facilities  for  investigation, 
so  much  should  have  been  determined  that  is,  in  all  probabi- 
lity, nearly  allied  to  truth,  if  it  be  not  truth  itself.  A few 
strong-minded  individuals  commenced  the  investigation ; and 
although  practical  inquiries  were  for  some  time  retarded  by  the 
visionary  theories  that  were  successively  proposed,  such  facts 
have  now  been  determined  as  enable  geologists  to  trace  the 
successive  changes  which  the  earth  lias  undergone,  and  the 
causes  by  which  they  were  produced. 

Men  have,  from  the  earliest  ages,  been  asking  one  another, 
“ Of  what  is  the  interior  of  the  earth  composed  ? and  what  are 
the  phenomena  it  presents  ? ” In  the  absence  of  all  informa- 
tion, they  have  proposed  and  adopted  wild  conjectures  as  ti'uths, 
and  have  maintained  their  opinions  as  though  they  had  been 
founded  on  the  most  accurate  observations,  or  deduced  from 
undeniable  principles.  T wo  antagonist  theories,  the  Neptunian 
and  Plutonian,  sprang  into  existence  at  the  very  birth  of  geolo- 
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gical  science,  and  each  has  still  its  advocates : the  one  attributes 
the  formation  of  ix)cks  to  the  agency  of  water,  and  the  other  to 
igneous  causes.  There  is  now,  however,  little  doubt  that  both 
these  agents  have  been  active  in  producing  the  present  state  of 
the  earth;  and  the  most  decided  advocates  of  the  Wernerian 
doctrines  are  giving  up,  one  by  one,  the  contested  principles  of 
the  theory,  and  admitting  that  heat  may  have  produced  some 
geological  effects. 

It  may  excite  surprise  that  the  geologist  should  have  suc- 
ceeded in  ascertaining,  by  direct  observation,  any  valuable  facts 
concerning  the  rocks  which  form  the  framework  of  our  globe. 
Had  he  depended  for  information  upon  the  excavations  of  the 
miner,  his  knowledge  must  have  been  confined  to  those  few 
beds  which  lie  upon  the  surface.  But  all  rocks  have,  more  or 
less,  suffered  a change  of  level,  and  many  of  the  most  ancient, 
that  is,  those  which  are  lowest,  have  been  elevated  above  or 
through  the  superficial  beds,  and  thus  exposed  to  observation. 
The  geologist  has  therefore  but  little  more  to  do  than  to  examine 
the  surface  of  the  earth,  and  he  will  there  find  the  rocks  which 
he  could  have  only  found  in  the  interior,  if  they  had  not  been 
disturbed  by  some  subterranean  elevating  force. 

But  the  inquirer  will  not  be  satitfied  with  knowing  the 
arrangement  and  characters  of  rock — she  will  be  anxious  to 
ascertain  what  is  beneath  them ; and  however  distant  the 
reader  may  suppose  himself  to  be  from  any  information  on  this 
subject,  it  will  be  hereafter  shown  that  the  opinions  which  have 
been  formed  are  not  altogether  conjectural.  The  subject  of  the 
present  chapter  will,  we  think,  be  best  explained  by  first  con- 
sidering the  condition  of  rocks,  or  the  crust  of  the  earth ; and 
secondly,  of  that  vast  space  beneath  them  called  the  interior  of 
the  earth. 


THE  CRUST  OF  THE  EARTH. 

That  part  of  the  interior  of  the  earth  open  to  investigation 
has  been  appropriately  called  its  crust.  It  is  but  the  crust  in 
relation  to  its  thickness,  as  compared  with  the  semi-diameter  of 
the  earth ; and  it  may  be  found  true  in  another  sense,  when  the 
internal  heat  of  the  earth,  and  the  cooling  of  its  surface,  are 
better  understood. 

Every  one  knows  that  the  mineral  masses  on  the  surface  of 


198 


THE  FORMATION  OF  ROCKS. 


the  earth  are  marked  by  great  diversities  of  external  character 
and  of  chemical  composition.  In  one  place  we  find  a granite, 
in  another  a rock  that  hears  upon  it  the  marks  of  igneous 
fusion,  in  a third  a sandstone,  and  in  a fourth  clay,  and  all  these 
may  occur  in  an  extremely  limited  district.  The  observer  will 
first  of  all  be  anxious  to  ascertain  if  they  have  any  constant 
relation  to  each  other,  and  to  form  some  general  subdivision 
that  may  guide  him  in  identifying  the  rocks  of  one  place  with 
those  of  the  same  kind  which  may  occur  in  another.  Now 
there  are  two  great  classes  of  rocks.  One,  called  the  primitive, 
consists  of  igneous  and  crystalline  masses,  commonly  found  at 
the  basis  of  the  series ; and  the  other,  termed  the  secondary, 
contains  the  rocks  that  have  been  produced  by  the  transport  or 
sediment  of  mineral  substances  accumulated  by  various  causes. 

Without  entering  into  any  lengthened  description  of  rocks  or 
their  supeiiiosition,  we  shall  state  a few  principles  which  may 
be  fairly  deduced  from  the  appearance  and  condition  of  the 
mineral  masses;  giving,  at  the  same  time,  the  deductive  pro- 
cess by  which  these  principles  are  ascertained.  The  reader 
may  thus  acquire  a general  notion  of  the  manner  in  which 
geologists  trace  the  physical  history  of  the  earth,  while,  at  the 
same  time,  he  informs  himself  as  to  the  result  of  their  inves- 
tigations. 

1 . The  causes  which  are  now  active  in  destroying  and  forming 
rocks  must  have  produced  the  same  effects  from  the  moment 
they  were  brought  into  existence ; and  when  two  rocks  are 
found  to  be  identical  in  mineralogical  composition  and  character, 
it  is  a legitimate  deduction  that  they  were  produced  by  the 
same  cause,  though  it  may  have  been  more  active  or  more 
continual  at  one  period  than  at  another.  That  rocks  are  being 
formed  in  the  present  day,  there  is  abundant  evidence.  The 
beds  of  rivers  and  oceans  are  constantly  receiving  the  debris 
produced  by  the  action  of  water  upon  the  surface  of  rocks; 
springs  deposit  in  some  places  large  quantities  of  calcareous  and 
other  matter,  and  volcanoes  pour  over  the  surface  of  consider- 
able districts  immense  streams  of  lava.  But  rocks  bearing  a 
close  analogy  to  these  are  found  to  compose  the  crust  of  the 
earth,  and  it  may  therefore  be  deduced  that  the  causes  which 
are  now  active  in  the  formation  of  rocks  did  produce  those 
ancient  masses  which  are  the  framework  of  our  globe. 
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2.  The  construction  of  the  earth’s  crust  must  have  occupied 
a considerable  period  of  time,  even  upon  the  assumption  that 
the  productive  agents  were  then  more  rapid  in  the  accomplish- 
ment of  their  effects  than  they  are  in  the  present  day.  Nearly 
all  the  mineral  masses  that  come  under  our  notice  are  stratified, 
and  were  evidently  formed  by  the  instrumentality  of  water ; 
some  by  the  physical  power  it  exerts  in  transporting  the  dis- 
connected fragments  of  pre-existing  rocks,  and  others  by  a sedi- 
mentary process.  Of  these  stratified  rocks  there  are  an  im- 
mense number,  some  being  only  a few  inches,  and  others  many 
hundred  feet  in  thickness  ; a fact  which  proves  that  their  for- 
mation must  have  occupied  a considerable  sjiace  of  time. 

3.  The  circumstance  under  which  a stratum  was  produced, 
and,  in  some  instances,  the  physical  condition  of  the  earth  at 
particular  geological  periods,  may  be  determined  by  an  exami- 
nation of  rocks.  Many  of  the  stratified  rocks  contain  the 
remains  of  animals  and  vegetables  that  lived  at  the  time  of 
their  deposition,  and  these  may  be  generally  employed  as  evi- 
dences of  the  circumstances  under  which  the  bed  was  formed, 
and  the  condition  of  the  earth  at  the  time.  In  some  instances 
the  organic  remains  are  found  in  a broken  and  almost  triturated 
state,  proving  that  the  catastrophe  which  imbedded  them  was 
violent  and  perhaps  prolonged.  In  other  instances  the  most 
delicate  structures  of  shells  have  been  preserved,  and  plants  are 
found  in  such  situations  as  lead  the  observer  to  suppose  that 
they  were  embedded  without  violence.  Some  information  may 
also  be  obtained  from  an  examination  of  the  fossils  themselves  ; 
for  while  some  beds  contain  the  remains  of  animals  known  to 
exist  in  fresh  water,  others  are  crowded  with  the  remains  of 
those  which  existed  in  the  ocean.  Assuming,  then,  that  tlie 
habits  of  those  animals  whose  remains  are  found  in  the  stratified 
rocks  were  similar  to  the  now  existing  types  of  tlie  same  species 
or  genera,  a geologist  may  classify  fossiliferous  rocks  under  the 
two  heads  of  fresh-water  and  marine.  This  species  of  evidence 
has  perhaps  been,  in  many  instances,  carelessly  applied  from  the 
presence  of  one  ortwo  specimens;  butwhen  the  remains  generally 
have  such  characters  as  warrant  the  observer  in  the  supposition 
that  animals  lived  in  the  water  from  which  the  mineral  matter 
now  forming  the  rock  was  deposited,  he  can  feel  no  difficulty  in 
decidhig  upon  the  question — was  the  bed  formed  in  a sea,  in  a 
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river,  or  in  an  inland  lake?  There  are  many  animals  that  are 
known  to  exist  in  either  fresh  or  in  salt  water,  and  there  are 
many  others  who  may  be  inured  to  a change  of  residence. 

[Geology  explains  to  us  the  history  of  the  organic  as  well  as 
the  mineral  changes  of  the  earth,  and  having  established  a 
connection  between  the  two  at  various  epochs,  embodies  the 
knowledge  thus  acquired  in  a distinct  shape,  as  expressed  by 
the  term  “ Formation,”  which  implies  a history  of  the  organic 
and  inorganic  conditions  of  the  earth’s  surface  at  any  given 
epoch,  not  limited  by  time,  but  by  circumstances.  Thus  the 
practical  utility  of  geological  formations  is,  that  having  once 
ascertained  that  the  conditions  of  the  earth  were  favourable,  at 
particular  epochs,  to  the  production  of  certain  mineral  changes, 
and  the  existence  of  peculiar  organic  structures,  it  becomes 
practicable  to  proceed  in  an  inverse  order,  and  to  determine 
the  geological  age  of  any  stratum  from  the  relics  of  animals 
and  plants.] 

The  presence  of  organic  remains  in  rocks  also  enables  the 
geologist  to  compare  the  present  state  of  the  earth,  so  far  as 
relates  to  the  provisions  for  the  sustenance  of  life,  with  its  pro- 
bable condition  at  the  periods  when  the  successive  strata  were 
formed.  Assuming,  again,  that  the  habits  of  animals  were  the 
same  then  as  in  the  present  day,  the  naturalist  may  readily 
determine  the  conditions  which  must  have  existed  for  their 
support.  But  many  of  the  animals,  the  remains  of  which  are 
discovered  imbedded  in  the  mineral  masses,  are  now  extinct,  so 
far  as  our  knowledge  of  existing  genera  extends.  The  reptiles 
appear  to  have  had  at  one  period  a great  predominance  over  all 
other  creatures,  and  many  of  them  must  have  possessed  forms 
and  habits  very  different  from  any  that  are  now  known  to  be 
borne  by  animals  of  the  same  class. 

If  we  look  to  those  classes  of  animals  known  among  natural- 
ists as  the  mollusca  and  conchifera,  we  shall  find  that  many 
genera  and  species  have  been  destroyed  by  the  ravaging  hand 
of  time.  Some  genera  have  existed  in  vast  numbers,  as  the 
multitudes  that  are  preserved  in  rocks  fully  prove.  To  ascer- 
tain the  exterminating  process  which  has  swept  from  the  sur- 
face of  the  earth  so  many  forms  of  being  may  be  a difficult  task ; 
there  are,  however,  causes  in  the  present  day,  independent  of 
the  destroying  agency  of  man,  tending  to  decrease  the  number 
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of  certain  species,  and  animals  known  to  be  in  existence  a few 
years  since  are  not  now  to  be  found.  Many  animals  are  distri- 
buted in  localities,  frequently  of  small  extent,  and  any  violent 
physical  cause  acting  upon  those  spots  might  destroy  the  entire 
race.  Australia  appears  to  have  a class  of  animals  entirely  its 
own ; and  should  it  at  any  future  period  suffer  under  one  con- 
vulsion, similar  in  intensity  to  those  which  were  common  during 
the  deposition  of  rocks,  and  be  submerged,  a large  number  of 
these  vvould  necessarily  become  extinct ; while  an  elevation  of 
the  bed  of  the  sea  would  be  equally  destructive  to  those  which 
inhabit  the  ocean. 

The  geologist  may  also  gather  some  information  concerning 
the  circumstances  under  which  a deposit  was  formed,  from  the 
mineralogical  structure  of  the  bed  itself.  Gravel  must  be  the 
effect  of  an  impetuous  motion  of  water  ; it  consists  of  fragments 
broken  from  rocks  in  situ  ; some  of  these  are  rounded,  which 
could  only  be  occasioned  by  the  rolling  motion  given  to  them 
by  the  strong  current  of  a river  or  the  sea,  and  we  may  there- 
fore always  connect  an  aqueous  cause  with  the  existence  of  a 
pebble.  In  these  gravel-beds  we  find  the  fossils  which  charac- 
terise sedimentary  rocks  blended  together,  and  hence  we  know 
that  the  force  wdiich  produced  them  must  have  acted  upon  an 
extensive  tract  of  country.  When  beds  of  clay  and  limestone 
are  found,  the  observer  has  evidence  of  a more  gentle,  though 
in  all  probability  a more  continued,  action  of  water,  w'hether  of 
rivers  or  of  springs. 

4.  From  the  character  of  the  animal  and  vegetable  remains 
found  in  rocks,  geologists  believe  that  there  has  been,  since 
their  deposition,  a change  of  superficial  temperature.  The 
plants  that  are  found  in  the  coal-measures,  even  in  those  of  our 
own  country,  are  of  a tropical  character,  and  must  have  grown 
in  hot  and  moist  climates,  under  a temperature  nothing  inferior 
to  that  of  the  equatorial  regions.  There  are  two  hypotheses  by 
which  their  presence  in  cold  northern  climes  may  be  accounted 
for.  Either  they  were  drifted  by  the  sea  to  their  present  places, 
which  might  have  happened  without  destroying  their  texture, 
supposing  them  to  have  been  under  the  pressure  of  a consider- 
able body  of  water  ; or  they  grew  in  the  countries  where  they 
are  now  found.  In  the  same  manner  we  may  suppose  the 
animals  whose  remains  are  found  in  rocks  to  have  lived  near 
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the  places  where  their  remains  are  imbedded,  or  to  have  been 
transported  by  causes  posterior  to  that  which  destroyed  life. 
If  we  acknowledge  that  animals  and  vegetables  lived  near  to 
those  spots  in  which  their  remains  have  been  discovered,  it  is 
scarcely  possible  to  avoid  the  conclusion,  that  at  some  former 
period  there  must  have  been  an  equality  of  temperature  over 
a large  portion  of  the  earth. 

6.  From  the  presence  of  marine  animals  in  stratified  rocks, 
we  may  deduce  that  the  dry  land  must  at  some  former  period 
have  been  covered  by  the  sea,  and  that  the  bed  of  the  ocean 
must  have  been  more  than  once  elevated  by  some  great  con- 
vulsive force.  The  stratified  rocks  must  originally  have  been 
horizontal  or  nearly  so,  and  many  of  them  were  formed  in  the 
same  manner  as  the  deposits  which  are  always  to  be  found  in 
the  beds  of  rivers  and  the  basins  of  oceans ; but  they  were 
afterwards  acted  upon  by  mighty  disturbing  forces,  which  ele- 
vated and  disrupted  them,  throwing  their  strata  into  a variety 
of  forms.  Some  were  upheaved  in  a mass  by  an  invisible  but 
iri'esistible  force  actmg  beneath  them ; some  were  tilted  into 
inclined  positions ; and  others,  forced  up  in  more  than  one  place, 
were  made  to  assume  the  form  of  a basin.  These  effects  have 
been  both  local  and  general ; at  one  time  affecting  a district  not 
more  than  a few  miles  in  extent,  and  at  others  elevating  entire 
continents  and  immense  mountain  chains.  The  agent,  as  we 
b(dieve,  that  produced  these  mighty  effects  was  internal  heat — 
the  same  cause  as  in  the  present  day  mimics  its  former  results 
by  the  exhibition  of  volcanic  action  and  other  phenomena,  to 
which  it  will  be  hereafter  necessary  to  refer.  The  identity  of 
cause  is  proved  by  the  identity  of  effects,  not  only  in  the  dis- 
turbance of  equilibrium,  and  in  the  arrangement  of  the  solid 
mate  rials  of  the  earth's  cnist,  but  also  in  tbe  character  of  the 
ejected  matter;  for  during  the  continuance  of  those  mighty 
disturbances  to  which  the  earth  was  subject  when  its  crust  was 
in  the  process  of  formation,  immense  fissures  were  frequently 
formed,  and  from  these  the  intumescent  mass  was  thrown, 
producing  overlying  rocks  of  various  extent  and  thickness. 
The  summits  of  mountains  frequently  consist  of  unstratified 
rocks,  which  have  been  elevated  into  their  present  position 
by  the  internal  force.  At  other  times  they  are  seen  between 
stratified  beds,  bearing  evidence,  in  their  position  and  construe- 
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tioRjOf  the  fact  that  the  upper  bed  was  fomied  after  the  con- 
solidation of  the  volcanic  rock  that  disturbed  the  inferior  mass. 
Not  unfrequently  these  unconformable  rocks,  as  they  are  some- 
times called,  assume  a columnar  structure,  as  at  Staffa,  Egg, 
and  Antrim  ; and  in  other  situations  they  may  be  crystalline 
or  massive.  It  may,  however,  be  necessary  to  remark  that  the 
ejection  of  these  volcanic  rocks  did  not  necessarily  attend  the 
exertions  of  these  internal  disturbing  agencies ; for  as  an 
earthquake  may  happen  in  the  present  day  without  the  actual 
ejection  of  lava,  so  the  same  force  did  in  the  early  ages  upheave 
the  crust  without  any  ejection  of  liquefied  rock. 

From  these  remarks  it  will  be  evident  that  the  horizontal 
beds  have  been  elevated  ; and  in  proof  of  this  statement  we  have 
not  only  the  evidence  which  is  afforded  by  the  presence  of  ma- 
rine animals  at  elevations  far  above  the  present  level  of  the 
sea,  but  also  the  existence  of  rocks  which  were  produced  by 
the  action  of  internal  heat.  The  discovery  of  marine  fossils  at 
considerable  elevations  is  not  of  itself  sufficient  to  prove  that 
horizontal  deposits  have  been  elevated ; this  fact  can  only  be 
determined  by  the  relative  position  and  inclination  of  the  beds, 
or  the  discovery  of  the  igneous  mass  that  upheaved  them. 

GENERAL  REMARKS. 

Admitting  the  statements  which  have  been  made,  it  will 
appear  that  the  crust  of  the  earth,  so  far  as  it  is  open  to  inves- 
tigation, consists  of  a variety  of  compound  masses,  some  of 
which  were  produced  by  water  and  some  by  intense  heat.  A 
superficial  examination  of  these  would  lead  the  observer  to 
imagine  that  they  are  destitute  of  arrangement ; and  if  they 
should  be  examined  mineralogically,  they  are  so  ; but  by  the 
united  assistance  of  mineralogical  characters  and  the  contained 
fossils,  a tolerably  perfect  system  has  been  produced  ; so  accu- 
rate, at  least,  that  the  geologist  may  generally  predict  the  suc- 
cession of  rocks  without  much  fear  of  failure.  The  unstratified 
rocks  have  no  constant  place,  but  are  associated  with  the  deposits 
of  all  ages ; a circumstance  that  might  be  expected  from  their 
origin.  The  convulsions  which  elevated  and  disturbed  the 
stratified  rocks  were  confined  to  no  particular  era. 

By  an  examination  of  rocks  we  are  certainly  led  to  the  con- 
clusion that  the  formation  of  the  earth’s  crust  was  a work  of 
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time,  and  was  accomplished  by  secondary  agents  of  varying 
intensity,  such  as  are  now  existing  and  exerting  an  influence 
on  the  surface  of  the  earth.  We  must  not,  however,  imagine 
the  earth  to  have  been  during  this  succession  of  ages  an  un- 
peopled waste,  for  in  every  period  after  the  formation  of  the 
primitive  rocks  it  appears  to  have  been  inhabited  by  a class  of 
animals,  and  decorated  with  an  order  of  vegetation,  suited  to 
its  physical  condition ; and  the  imbedded  remains  are  sufficient 
evidence  of  this  fact.  But  the  violent  changes  to  which  the 
superficies  of  the  earth  were  subject  could  hardly  fail  to  be 
exceedingly  destructive  of  life ; and  we  accordingly  find  that 
many  genera  which  are  abundant  in  certain  rocks  are  not  to  be 
found  in  others,  and  are  now  extinct.  But  it  is  a singular  cir- 
cumstance, and  perhaps  scarcely  to  be  accounted  for  on  known 
principles,  that  every  suite  of  beds  contains  fossils  peculiar  to 
itself,  and  by  these  it  may  be  very  readily  distinguished. 

THE  ORDER  OF  ROCKS. 

The  term  rock  is  applied  to  all  masses  of  mineral  substances, 
whether  they  be  granites,  clays,  sands,  or  other  compounds. 
The  word,  in  its  common  acceptation,  means  a mass  of  some 
hard  mineral ; but  it  is  used  by  geologists  in  a more  general 
sense,  and  signifies  a component  part  of  the  earth’s  crust,  with- 
out reference  to  the  quality  of  hardness  or  tenacity;  and  in  this 
sense  a bed  of  clay  or  of  sand  is  a rock. 

From  a partial  examination  of  rocks,  it  might  be  supposed 
that  they  arc  indiscriminately  situated  in  relation  to  one  an- 
other. This  is  the  common  opinion,  and  is  believed  by  all  those 
who  are  ignorant  of  the  science  of  geology.  The  interior  of 
that  world,  which  exhibits  such  wonderful  order  and  skilful 
arrangement  on  its  surface,  is  in  their  imagination  a very  type 
of  confusion.  So  natural  is  this  supposition,  that  it  is  probable 
we  might  still  have  indulged  the  error,  had  not  the  investiga- 
tions of  miners  insensibly  led  them  to  trace  the  connexion  of 
one  rock  with  another.  It  was  early  discovered  by  these 
practical  geologists,  that  certain  ores  could  only  be  found  in 
certain  rocks,  and  that  they  were  always  associated  with  others 
of  a particular  character.  In  their  search  for  ores,  after  this 
discovery  had  been  made,  they  endeavoured  to  assure  them- 
selves of  the  presence  of  some  of  these  beds,  before  they 
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expended  either  capital  or  labour  in  closer  examination.  The 
more  scientific  observations  which  have  been  since  made  have 
extended  the  facts  first  observed  in  particular  instances  to  the 
entire  system  of  mineral  masses,  and  there  is  now  no  principle 
better  substantiated  tlian  the  regular  arrangement  or  order  of 
rocks. 

This  statement  may  appear  somewhat  inconsistent  with  the 
remarks  already  made,  and  it  is  quite  possible  to  give  it  a too 
minute  acceptation.  The  earth  is  not  composed  of  a series  of 
beds  arranged  one  over  another  like  the  coats  of  an  onion  ; nor 
are  the  strata  so  equably  spread  over  each  other  that  it  is  only 
necessary  to  pass  through  them  in  one  place  to  know  the  con- 
stitution of  the  whole  globe.  If  the  surface  be  bored  through 
in  different  places,  the  same  number  of  beds  will  not  be  found 
in  any  two,  nor  will  they  generally  have  the  same  character ; 
and  if  they  should  be  at  a distance  from  each  other,  that  rock 
which  is  most  abundant  in  one  place  may  be  absent  in  the 
other,  which  could  not  be  the  case  if  the  beds  were  regularly 
arranged  one  over  another,  extending  round  the  whole  globe. 

But  still  it  is  true,  in  a more  general  sense,  that  rocks  have 
an  undeviating  order.  There  are  two  mineral  substances  well 
known  to  everybody,  chalk  and  coal ; and  chalk  is  always 
above  coal  in  the  order  of  rocks.  It  would  be  foolish  to  search 
for  chalk  at  Newcastle,  for  in  no  instance  has  it  been  found 
beneath  the  coal-beds.  So,  again,  Portland  stone,  used  for 
building,  could  not  be  found  in  a country  where  coal  is  found 
on  the  surface.  It  is  supposed  by  many  persons  that  coal  may 
be  obtained  upon  Blackheath,  in  the  vicinity  of  London ; but 
the  geologist  is  quite  certain  that  it  cannot,  for  the  beds  in  that 
district  belong  to  a formation  considerably  above  that  with 
which  coal  is  associated.  It  would  therefore  appear  that,  as  a 
general  principle,  rocks  are  always  found  in  a certain  relative 
position,  but  it  is  not  true  in  particulars.  In  all  the  most  cha- 
racteristic and  important  rocks  the  rule  may  be  depended  upon ; 
in  those  of  small  extent  and  of  a secondary  character  it  cannot. 
A geologist  could  not  in  every  instance  assert  that  a bed  of  clay 
or  sand  would  be  found  beneath  the  surface  at  any  place ; but 
he  could  tell  whether  coal,  building-stone,  or  chalk  might  be 
expected. 
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STRATIFICATION  OF  ROCKS. 

Rocks  may  be  divided  into  two  classes,  stratified  and  un- 
stratified ; the  greater  number  belonging  to  the  former  class. 
Strictly  speaking,  a stratum  is  a bed  of  rock  having  two  parallel 
faces.  If  a bed  be  placed  in  a flat  or  horizontal  position,  the 


beds  that  have  not  strictly  parallel  planes  are  considered  to  be 
stratified. 

It  may  appear  a very  easy  thing  to  determine  whether  a rock 
is  stratified  or  not ; but  there  are  many  practical  difficulties, 
and  he  who  examines  rocks  for  the  first  time  is  veiy  liable  to 
deception. 

It  was  once  a subject  of  discussion  among  geologists,  whether 
granite  is  stratified.  M.  Gruber  thought  the  stratification  so 
- evident,  that  he  doubted  whether  the  man  who  was  not  of  his 
own  opinion  could  see  at  all.  Dr.  Mitchell  says  he  traced  a 
stratified  granite  for  sixty  miles  along  the  chain  of  the  Reisen- 
gebirge,  and  Professor  Jameson  one  hundred  and  fifty  miles. 
Yet  Von  Buch  strained  his  eyes  in  vtiin  to  observe  some  appear- 
ance which  should  bring  him  to  the  same  opinion,  but  after  a 
diligent  search  he  gave  up  the  pursuit  in  despair.  A celebrated 
Swedish  naturalist  says  he  never  saw  an  unstratified  granite ; 
and  an  equally  eminent  English  geologist  never  saw  a granitic 
stratum.  It  is,  however,  now  generally  admitted  that  granite 
is  not  a stratified  rock.  But  it  is  important  to  inquire  into  the 
circumstances  which  deceived  so  many  eminent  observers,  that 
we  may  avoid  the  sources  of  error  that  misled  them. 

It  is  well  known  to  mineralogists  that  there  are  certain  crys- 
tallised minerals  which  may  be  more  easily  split  in  a particular 
direction  than  in  others.  Some  minerals  are  cleavable  only  in 
one  dkection,  others  may  be  cleaved  in  two,  three,  or  more, 
and  the  latter  may  often  be  made  to  assume  regular  geometri- 
cal forms. 
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upper  and  under  surfaces  should 
be  parallel  to  one  another ; if 
in  a perpendicular  direction, 
its  vertical  surfaces  should  be 
parallel.  But  the  term  does 
not  admit  of  this  great  accu- 
racy of  definition ; and  those 
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Rocks  have  also  frequently  a line  of  cleavage,  called  by 
workmen  the  grain  of  the  bed.  Those  who  work  granite  are 
accustomed  to  look  for  the  direction  of  cleavage,  and  although 
the  indications  can  seldom  he  detected  by  a person  unacquainted 
with  the  practical  working,  the  miner  has  no  difficulty  in  fixing 
upon  the  direction  in  which  the  rock  will  most  readily  split. 

Now  it  is  this  line  of  cleavage  that  is  frequently  mistaken  for 
stratification — it  was  this  that  deceived  geologists  as  to  the 
stratification  of  granite  ; and  when  this  rock  is  associated  with 
really  stratified  rocks,  and  its  cleavage  is  in  the  same  direction 
as  their  strata,  a circumstance  by  no  means  uncommon,  it  is 
almost  impossible  to  convince  oneself  that  there  can  be  any 
difference  between  the  stratification  of  the  one  and  the  cleavage 
of  the  other.  Generally  speaking,  however,  the  lines  of  cleav- 
age run  into  and  join  one  another  in  such  a way  as  to  distin- 
guish them  from  strata,  d c b,  'm  the  following  diagram,  repre- 
sent stratified  beds ; a,  a granite  rock,  havhig  its  line  of  cleavage 
m the  same  du'ection  as  their  strata. 


It  frequently  happens  that  strata  are  intersected  by  lines  of 
cleavrge,  so  as  form  an  angle  approaching  more  or  less  to  a 
right  angle,  as  in  the  accompanying  diagram.  In  the  clay  slates 

this  is  not  an  uncom- 
mon appearance.  We 
have  particularly  ob- 
served it  in  Devonshii  e ; 
and  in  an  attempt  to 
determine  the  true  stra- 
tification it  is  some- 
times the  cause  of  con- 
siderable difficulty  and  of  error ; but  by  careful  inspection  the 
strata  may  generally  be  distinguished. 

It  must  often  have  been  observed  by  all  who  have  walked 
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over  an  extensive  district,  that  rocks  succeed  each  other  in  a 
constant  order.  But  if  rocks  had  been  placed  horizontally, 
one  upon  another,  the  same  mineral  mass  would  have  covered 
widely-extended  districts,  or  even  the  entire  surface  of  islands 
and  continents.  A familiar  example  may  he  given  of  the  pre- 
sent arrangement  of  rocks.  London  is  situated  upon  a clay, 
called  by  geologists  London  or  blue  clay,  and  if  we  bore  through 
this  bed  we  find  chalk,  that  rock  being  situated  beneath  the 
London  clay.  Chalk,  therefore,  could  never  be  found  at  the 
surface  if  rocks  were  arranged  like  a pack  of  cards  upon  a table, 
without  the  removal  of  the  upper  bed.  This,  however,  is  not 
the  arrangement  we  observe  upon  examination  ; for  at  a very 
short  distance  from  London,  Shooter’s  Hill  for  instance,  chalk 
is  found  to  be  the  superior  rock. 

It  is  seldom  that  strata  occur  in  a perfectly  flat  position ; 
they  are  generally  inclined,  more  or  less,  so  that  one  emerges 
from  beneath  the  other,  as  shown  in 
the  diagram.  In  consequence  of  this 
arrangement,  we  may,  by  travelling 
over  a country,  determine  the  cha- 
racter of  the  rocks  of  which  it  is 
formed,  with  even  more  accuracy 

INCLINED  STRATA  o 6 c.  than  couM  bc  attained  by  piercing 

through  the  whole  of  the  beds  at  the  surface  of  the  highest 
rock. 

In  this  arrangement  we  cannot  but  observe  a proof  of  design, 
for  by  the  present  disposition  of  beds  man  is  made  acquainted 
with  all  those  which  ai-e  necessary  for  his  comfort  and  the 
advance  of  the  arts  of  life  : and  he  can  obtain  them  with  little 
or  no  exertion.  If  rocks  had  been  placed  in  a flat  position,  it 
is  not  probable  that  we  should  ever  have  discovered  either  coal 
or  the  metals ; for  as  these  are  situated  so  low  in  the  series  that 
it  would  have  been  necessary  to  bore  to  the  depth  of  many 
thousand  yards  in  order  to  obtain  them,  it  is  doubtful  whether 
any  inducement  to  make  the  attempt  would  have  been  offered. 
But  supposing  that  from  any  circumstance  their  existence  and 
properties  had  become  known,  their  situation  would  effectually 
have  prevented  their  being  obtained  in  sufficient  quantities  to 
supply  our  wants.  It  is  scarcely  to  be  imagined  what  would  be 
the  result  if  all  the  coal  and  metals  were  expended,  much 
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more  to  determine  the  condition  in  which  man  would  now  have 
been  if  they  had  never  been  known ; but,  in  all  probability, 
society  could  not  have  been  formed,  and  civilisation  would  have 
had  no  existence,  even  in  name,  at  least  in  northern  latitudes. 

Some  of  the  difficulties  which  attend  the  geological  student 
in  an  attempt  to  determine  whether  a rock  be  stratified  or  not 
have  been  noticed,  but  his  difficulties  will  be  only  in  part 
overcome  when  he  has  convinced  himself  of  its  stratification ; 
this  is  but  the  first  step  in  the  practical  investigation  of  a district, 
and  it  is  not  improbable  that  he  may,  without  great  care,  take 
the  apparent  for  the  real  stratification.  There  are  two  aspects, 
the  front  and  the  side  view,  in  which  a 
stratified  bed  may  be  examined.  Take 
a number  of  boards,  a foot  long  and  three 
or  four  inches  wide,  and  arrange  them  so 
as  to  represent  strata  emerging  from  be- 
, neath  each  other.  If  these  be  viewed 
in  the  direction  of  their  shorter  face, 
TWO  VIEWS  OF  STRATIFIED  au  accui'ate  notion  of  their  stratification 
will  not  be  obtained,  for  the  real  strati- 
fication is  in  the  direction  of  their  length. 

It  will  now  be  readily  conceived  that  an  inexperienced 
observer  may  easily  be  deceived  by  mistaking  the  apparent  for 
the  real  inclination  of  the  strata,  and  describe  beds  as  horizon- 
tal which  have  a considerable  dip.  Suppose  the  beds  to  range 
north  and  south,  it  is  possible  that  there  may  be  no  natural 
section  in  that  direction  by  which  the  true  inclination  can  be 
seen,  and  a section  in  any  other  direction  will  make  the  dip  to 
appear  less  than  it  is. 

The  student  must  also  be  careful  to  examine  the  relative 


a,  THE  SUPERIOR  BED  ; 6,  THE  INFEUIOK, 


positions  of  the  beds,  for  in  this  respect  he  may  be  easily  led 
into  error.  One  bed  must  not  be  supposed  to  be  above  another 
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because  it  is  found  at  a greater  height,  or  forming  a hill  while 
the  other  occupies  the  valley.  The  relative  height  of  two  beds 
is  no  criterion  in  determining  their  relative  position. 

In  examining  a district  composed  of  stratified  rocks,  the 
student  may  experience  some  difficulty  from  the  intersection  of 
valleys.  Passing  from  one  place  to  another,  he  may  meet  with 
the  same  rock  two  or  three  times,  and  be  led  to  imagine  that 
it  occurs  two  or  three  times  in  the  series.  In  this  manner  the 
inexperienced  are  often  greatly  perplexed,  not  remembering  the 
relative  heights  of  the  places  in  which  the  frequently-occurring 
bed  is  found. 

This  may  be  explained  by  the  accompanying  figure ; for  a 
traveller,  walking  over  the  district  it  represents,  would  come 
frequently  upon  the  same  rock ; and  as  it  is  not  so  easy  to 
see  the  relation  which  one  rock  bears  to  another  when  travers- 
ing the  country  in  which  the  rocks  themselves  occur,  as  in 
casting  the  eye  upon  a section,  the  observer  may  probably  be 
deceived  by  such  a result,  and  imagine  that  there  is  a great 
want  of  analogy  between  it  and  ordinary  geological  arrange- 
ments. The  section,  however,  shows  that  the  exposed  parts. 


a,  b,  c,  d,  e,  have  been  presented  to  view  by  the  formation  of 
two  valleys  : for  if  the  line  of  inclination  in  one  hill  be  carried 
on,  it  will  be  found  to  join  on  with  that  in  the  others.  This 
fact  is  received  by  geologists  as  an  evidence  that  the  valleys 
were  formed  after  the  deposition  of  the  beds. 

But  there  are  other  difficulties  of  even  a more  serious  cha- 
racter than  those  to  which  allusion  has  been  made.  The  strata 
which  compose  the  crust  of  the  earth  are  not  usually  in  the 
same  condition  as  when  they  were  formed,  but  have  been  dis- 
turbed by  a variety  of  powerful  agents  that  have  acted  upon 
them  in  various  ages.  Sometimes  rocks  have  been  affected  by 
violent  volcanic  agents,  and  at  other  times  they  have  acted  upon 
one  another  by  pressure,  or  upon  themselves  by  shrinking  and 
subsidence. 


STRATA  AT  WESTBURY. 
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Instead  of  the  regularly-emerging  and  slightly-inclined  beds 
of  which  we  have  been  speaking,  strata  are  sometimes  found  in 
a position  not  unlike  the  roof  of  a 
house,  piled  up  on  their  edges  one 
against  the  other,  forming  a steep 
ridge  of  rocks.  This  form  is  called 
the  saddle-shaped  stratification.  If 
we  take  a piece  of  some  resisting 
S.<1DDLE-SHAPED  STRATIFICATION,  substunce,  und  fastening  it  at  the 
ends,  apply  a force  in  the  centre  sufficient  to  raise  up  the  cen- 
tral parts,  it  will  either  break  or  bend,  and  will  remain  in  that 
form  which  it  assumes  as  long  as  the  force  continues  to  be 
applied,  or,  in  other  words,  as  long  as  there  is  any  resistance 
sufficient  to  prevent  it  from  taking  its  original  form.  A similar 
action  in  all  probability  caused  strata  to  take  this  peculiar  posi- 
tion. ITe  may  imagine  them  to  have  been  originally  horizon- 
tal, but  some  force,  acting  from  beneath,  tilted  them  up  when 
in  a yielding  state. 

This  kind  of  stratification  is  sometimes  presented  in  a still 
more  complex  form.  At  Westbury,  in  Somersetshire,  there  is 
an  example  of  saddle-shaped  stratification  which  would  hardly 
be  recognised  as  such.  The  upper  portion  of  the  strata  is  in 
this  instance  removed,  apparently  by  the  action  of  water,  and 
a valley  has  been  formed  in  which  a flat  stratum  of  gravel  has 
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been  deposited,  o,  represents  a valley  covered  with  gravel ; 
b,  b,  tilted  rocks ; c,  c,  rocks  resting  on  them  hi  an  undisturbed 
position.  But  before  we  pass  on  we  may  be  permitted  to  draw 
the  attention  of  the  reader  to  another  circumstance  peculiarly 
marked  in  this  section.  There  are  five  successive  periods  dis- 
tinctly marked  in  the  present  condition  of  the  rocks  at  West- 
bury. First  of  all,  the  formation  of  the  beds,  which,  if  depo- 
sited by  water,  must  have  been  nearly  horizontal ; then  their 
elevation  so  as  to  produce  a saddle-shaped  stratification ; then 
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the  deposition  of  the  rocks  that  rest  upon  the  disturbed  strata  ; 
then  the  action  of  water  scooping  out  the  valley  ; and  lastly, 
the  formation  of  the  bed  of  gravel  in  the  bottom  of  the  valley. 
When  the  geologist  considers  the  number  and  varied  action  of 
the  agents  which  produced  the  present  arrangement  of  rocks,  he 
cannot  but  feel  the  necessity  of  making  his  deductions  with 
caution,  after  the  most  careful  examination. 

The  fan-shaped  stratification  is  the  reverse  of  the  saddle- 
shaped.  The  following  figure  is  a section  of  the  mountain 
limestone,  as  it  occurs  at  Daleberry  Camp,  and  is  an  interesting 
example.  To  have  produced  this  appearance  there  must  have 
existed  a different  condition  from  that  which  would  produce  a 
saddle-shaped  stratification,  which  requires,  as  we  have  seen, 

a force  acting  upon  the 
centre  of  a bed  that  has 
itstwoendsfixed.  A fan- 
shaped stratification,  on 
the  other  hand,  can  only 
be  produced  by  the  ac- 
tion of  two  forces,  one 

SEI;T10N  Of  fAN-SHAPED  STRATA.  the  bed, 

while  the  centre  is  partly  retained  in  its  position.  Thus  a piece 
of  card,  having  a weight  in  the  middle,  may  be  raised  by  the 
hands  at  each  end,  and  be  made  to  assume  this  particular 
form.  From  these  observations  it  would  therefore  appear, 
that  to  produce  the  stratification  observed  at  Daleberry  Camp, 
the  ends  of  the  strata  must  have  been  upheaved,  probably 
by  some  force  similar  to  that  which  now  produces  volcanic 
action. 

The  basin-shaped  stratification  is  not  uncommon  in  coal 


districts.  Geologists  are  not  agreed  as  to  the  cause  of  this 
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appearance,  some  attributing  it  to  the  elevation  of  the  beds  as 
described  in  explaining  the  formation  of  fan-shaped  stratifica- 
tion, while  others  imagine  it  to  have  been  produced  by  the  sink- 
ing of  the  central  parts.  It  is  not  impossible  that  both  these 
causes  may  have  assisted  in  producing  this  peculiar  distortion 
of  rocks.  One  thing  however  is  certain,  that  there  must  have 
been  a great  degree  of  flexibility  in  the  materials. 

The  task  of  determining  the  stratification  of  rocks  in  any 
district  will  not  now  perhaps  appear  so  easy  as  might  at  first 
have  been  imagined.  The  art  must  be  acquired  by  practice 
and  the  habit  of  close  attention  ; and  though  there  are  occasional 
appearances  which  perplex  the  inquirer,  yet  the  commonly- 
occurring  conditions  of  rocks  are  such  as  to  give  the  practical 
geologist  but  little  trouble.  It  cannot  be  too  strongly  impressed 
upon  the  student  how  necessary  it  is  to  examine  for  himself,  if 
he  intend  to  make  himself  a master  of  science. 

[In  endeavouring  to  explain  geological  phenomena  as  reason- 
able objects  of  scientific  research,  too  much  stress  must  not 
be  laid  on  any  one  cause  of  change,  to  the  exclusion  of  others- 
There  can,  for  instance,  be  little  doubt  that  many  minor  con- 
tortions, and  some  flexures  in  strata,  are  the  result  of  their 
original  deposition  on  banks,  and  amidst  the  eddies  of  currents ; 
but  we  cannot  ascribe  the  flexures  in  the  Alps  (where,  as  Lyell 
observes,  “curves  of  calcareous  shale  are  seen  from  1000  to 
1500  feet  in  height,  in  which  the  beds  sometimes  plunge  down 
vertically  for  a depth  of  1000  feet  or  more,  before  they  bend 
round  again”)  to  such  a cause.  We  must  therefore  consider 
them  as  evidences  of  disturbance  arising  from  internal  move- 
ments of  the  earth  to  which  we  can  apply  no  general  rule.] 

ELEVATION  OR  DEPRESSION  OF  STRATA. 

There  is  another  circumstance  in  relation  to  the  stratifica- 
tion of  rocks  which  is  worthy  of  notice,  as  it  may  be  a source 
of  some  difficulty  to  the  uninitiated  observer.  Strata  have  been, 
in  sonie  instances,  deranged  by  fracture,  and  portions  of  them 
have  been  depressed  or  elevated.  In  consequence  of  this,  it 
sometimes  happens  that  a geologist,  after  having  traced  a par- 
ticular bed  for  some  time,  suddenly  loses  sight  of  it,  and  comes 
upon  some  other  bed  above  or  below  it,  according  as  the  strata 
may  have  been  elevated  or  depressed.  The  point  where  this 
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elevation  or  depression  has  occurred  is  called  a fault.  The 
following  figure  represents  a fault  in  Tynemouth  Castle  Cliff, 


SECTION  OF  A FAULT  AT  TYNEMOUTH  CASTLE  CLIFF. 


on  the  coast  of  Northumberland,  observed  by  Professor  Sedg- 
wick, and,  though  not  of  great  extent,  affords  an  illustrative 
section.  In  this  locality  the  strata  have  been  fissured,  and 
shifted  from  their  natural  situation.  Faults  are  by  no  means 
uncommon  in  the  coal-beds,  and  are  the  causes  of  great  incon- 
venience to  miners  ; for  it  frequently  happens  that,  after  having 
worked  a bed  for  some  distance  without  impediment,  it  is  sud- 
denly lost,  and  many  months  or  years  may  be  expended  in  the 
effort  to  regain  it. 

CLASSIFICATION  OF  STRATIFIED  ROCKS. 

Having  stated  and  explained  the  various  appearances  which 
stratified  rocks  present,  and  suggested  the  explanation  of  some 
difficulties  that  may  be  experienced  by  the  geological  student 
in  the  process  of  his  inquiries,  our  next  object  must  be  to 
explain  the  classification  which  has  been  adopted.  Plans  of 
classification  can  only  be  considered  as  arbitrary  arrangements, 
formed  for  the  purpose  of  facilitating  the  study  of  the  sciences, 
and  of  combining  isolated  facts.  To  form  an  advantageous 
classification  requires  a considerable  knowledge  of  facts ; and  on 
this  account  the  systems  adopted  in  the  infancy  of  particular 
sciences  have  been  found  unsuited  to  their  matnrer  growth. 
This  has  been  exemplified  in  the  progress  of  geology.  It  was 
at  first  doubted  whether  a system  formed  upon  the  mineralogi- 
cal  character  of  rocks,  or  upon  their  position  in  relation  to  one 
another,  would  be  found  most  advantageous.  This  doubt  was 
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removed  by  the  increase  of  knowledge,  and  the  latter  plan  has 
been  universally  adopted. 

The  first  classification  of  rocks  was  formed  upon  the  discovery 
that  some  of  them  contained  animal  and  vegetable  remains,  while 
othei’S  were  destitute  of  them.  The  rocks  lowest  in  the  series, 
that  is,  those  at  the  greatest  depth  to  which  our  researches 
have  extended,  were  found  to  be  destitute  of  fossils,  and  were 
therefore  supposed  to  have  been  formed  before  the  creation  of 
things  that  had  life,  and  were  arranged  under  a class  called  pri- 
mitive or  primary  ; while  those  which  possessed  these  relics  of 
organisation  were  denominated  secondary  rocks.  But  as  the 
science  advanced,  an  intermediate  class  appeared  necessary  to 
comprehend  a series  of  beds  formed  of  the  fragnients  of  primary 
rocks,  and  was  adopted  under  the  name  of  the  Transition  or 
Fragmentary  class.  Another  division,  called  the  Tertiary,  to 
comprise  the  upper  beds  of  the  Secondary,  has  since  been  added  ; 
so  that,  according  to  this  system,  the  substances  which  form  the 
crust  of  the  globe  may  be  arranged  in  the  four  following  classes, 
beginning  with  the  lowest : — 

1.  The  Primary,  or  Crystalline. 

2.  The  Transition,  or  Fragmentary. 

3.  The  Secondary,  or  Sedimentary. 

4.  The  Tertiary,  or  Upper  Secondary. 

This  classification  was  universally  adopted  in  this  country 
till  the  publication  of  “ Conybeare’s  Geology  of  England  and 
Wales.”  In  this  work  a new  arrangement  was  adopted,  and 
the  crust  of  the  earth  was  divided  into  five  portions,  forming 
the  following  classes : — 

1.  The  superior,  containing  the  tertiary  deposits. 

2.  The  supermedial,  containing  the  upper  portion  of  the 
secondary  class. 

8.  The  medial,  containing  the  coal  series  and  the  lower  por- 
tion of  the  secondary  rocks. 

4.  The  submedial,  comprising  the  transition  rocks. 

5.  The  inferior,  containing  the  primitives. 

The  most  convenient  and  useful  classification  that  has  been 
introduced,  we  think,  is  that  proposed  some  time  since  by  Mr. 
De  la  Beche,  in  the  Annals  of  Philosophy,  and  recently  adopted 
with  great  success  in  his  Manual  of  Geology.  But  there  are 
many  objections  to  the  introduction  of  new  classifications ; and 


216 


UNSTBATIFIED  ROCKS. 


geologists  do  not  always  adopt  those  suggestions  which  they 
may  consider  improvements.  By  using  an  established  classifi- 
cation, the  learned  of  different  nations  are  able  to  understand 
each  other  s writings  ; but  when  new  arrangements  are  adopted, 
a considerable  time  must  elapse  before  a foreigner  is  made  ac- 
quainted with  the  change  ; and  even  then,  prejudice  in  many 
instances  prevents  its  adoption.  Such  alterations  can  only  be 
effectually  introduced  by  societies,  or  the  combination  of  writers; 
for,  generally  speaking,  an  old  nomenclature,  with  all  its  im- 
perfections, will  be  preferred  to  a modern  improvement.  But 
the  system  proposed  by  M.  De  la  Beche  is,  in  our  estimation, 
so  superior  to  all  others,  that  we  are  willing  to  hope  it  may 
be  an  exception  to  the  general  rule,  and  be  adopted  ere  long 
by  geologists. 

All  rocks  may  be  divided  into  two  general  classes,  stratified 
and  unstratified ; and  this  forms  the  first  division  of  this  system. 
The  next  general  truth  is,  that  the  lower  stratified  beds  do  not 
commonly  contain  fossils,  so  that  a subdivision  of  the  stratified 
rocks  is  formed  into  fossiliferous  and  non-fossUiferous.  It 
then  only  remains  to  arrange  the  strata  in  groups  and  for- 
mations, and  we  at  once  obtain  an  easy  and  an  intelligible 
system. 

It  would  be  impossible  to  describe,  in  these  pages,  the  pecu- 
liarities and  relations  of  the  beds  that  together  constitute  the 
crust  of  the  earth.  We  shall  therefore  proceed  to  an  investiga- 
tion of  the  unstratified  rocks,  and  then  make  a few  remarks  upon 
the  coal-measures  in  illustration  of  the  statements  advanced. 

UNSTRATIFIBD  ROCKS. 

The  unstratified  rocks  are  extensively  distributed  over  the 
globe,  but  cannot  be  said  to  occupy  any  constant  position  in  the 
series,  for  they  are  occasionally  associated  with  nearly  all  the 
several  groups.  It  is  now  generally  supposed  by  geologists  that 
they  derived  their  present  appearance,  and  were  placed  in  their 
present  positions,  by  the  agency  of  fire ; and  upon  this  supposi- 
tion it  is  easy  to  explain  the  origin  of  the  variety  of  appearances 
they  present,  and  of  the  circumstances  under  which  they  occur. 
Sometimes  we  find  them  as  masses  restiug  upon  stratified  rocks, 
and  presenting  an  appearance  similar  to  that  of  the  lavas  which 
are  ejected  in  the  present  day  by  volcanoes;  while  at  other 
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times  they  occur  as  vein-stones,  filling  fissures  which,  in  all 
probability,  were  formed  by  the  pressure  of  the  vapours  which 
arose  from  the  boiling  mass. 

The  unstratified  rocks,  as  might  be  expected  from  their 
origin,  greatly  differ  among  themselves  in  mineralogical  cha- 
racter. Even  the  same  mass  of  rock  will  have  a variety  of 
appearances  in  different  parts.  Deriving  their  present  condition 
from  the  action  of  heat,  many  compounds,  whatever  may  be 
the  number  of  minerals  that  enter  into  their  composition,  must 
be  formed,  some  containing  more,  and  others  less  quantities  of 
particular  substances,  varying  with  the  intensity  of  the  heat 
that  produced  the  rock.  Some  of  the  minerals  that  enter  into 
the  composition  of  the  unstratified  rocks  being  more  easily 
liquefied  than  others,  we  may  imagine  that  those  which  are 
difficult  of  fusion  were  not  at  certain  periods  reduced  to  a liquid 
state,  while  others  less  resisting  the  action  of  fire  may  have  been 
ejected.  To  the  shades  of  mineralogical  distinction  produced 
by  this  and  similar  adventitious  causes,  some  writers  have 
attached  great  importance,  and  have  given  names  to  the  several 
varieties  of  rock ; but  it  may  be  doubted  whether  science  has 
derived  much  advantage  from  this  particularity,  and  it  is  pos- 
sible that  the  time  expended  in  describing  and  naming  them 
would  in  the  present  state  of  our  knowledge  have  been  better 
employed  in  determining  their  general  characters  and  probable 
physical  constitution. 

The  importance  of  the  unstratified  rocks,  in  relation  to  the 
extent  of  space  they  occupy  on  the  surface  of  the  globe,  is  much 
inferior  to  that  of  the  other  class.  In  England  they  do  not 
cover  one-thousandth  part  of  the  surface,  and  the  same  obser- 
vation might  be  made  in  reference  to  many  other  countries. 
Generally  speaking,  they  occupy  the  highest  points  of  the  dis- 
trict in  which  they  occur,  and  some  of  the  loftiest  peaks  and 
ridges  on  the  surface  of  the  globe  are  composed  of  them.  It 
must  not,  however,  be  understood  that  they  always  occur  in 
such  positions;  for  although  they  compose  some  of  the  points  of 
the  gigantic  mountain  chains  of  South  America  as  well  as  of  the 
Alps,  yet  they  sometimes  are  found  on  the  sea-shore,  as  in  many 
of  the  W estern  Isles. 

Another  fact  worthy  of  notice  in  relation  to  the  unstratified 
rocks,  is  their  great  want  of  continuity.  Stratified  beds  fre- 
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quently  extend  over  considerable  districts,  and  may  be  traced 
at  the  surface  for  many  miles.  The  unstratified  rocks,  on  the 
other  hand,  rarely  occupy  any  considerable  extent  of  surface, 
but  protrude  themselves  among  the  stratified  at  considerable 
distances  from  each  other,  and  in  comparatively  small  quantities. 
“ In  Scotland,  it  is  not  unusual,”  Dr.  Macculloch  states,  “ to 
find  a portion  of  some  one  of  these  rocks,  of  a few  yards  in 
diameter,  separated  for  many  miles  from  any  other  mass  of  the 
same  rock,  though  it  is  possible  they  may  be  united  beneath 
the  surface.” 

A few  observations  may  be  made  on  the  two  classes  of 
unstratified  rocks,  the  granitic  and  the  trappean. 

GRANITIC  ROCKS. 

The  term  granite  is  derived  from  the  word  geranites^  and 
I'ournefort,  the  celebrated  naturalist,  was  the  first  modem 
author  who  employed  it ; but  at  the  time  in  which  he  wrote 
it  had  a much  wider  signification  than  is  now  given  to  it,  and 
was  used  to  designate  a granular  stone. 

The  minerals  which  commonly  enter  into  the  composition  of 
granite  are  quartz,  felspar,  mica,  and  hornblende,  and  the  com- 
bination of  any  two  or  more  of  these,  constitute  a gi-anite.  It 
must,  therefore,  be  evident  that  granite  differs  greatly  in  its 
composition.  Felspar  is  generally  the  most  abundant  mineral ; 
but  this,  as  well  as  others,  varies  in  its  proportions,  and  is  some- 
times absent.  A granite  of  Mont  Blanc  is  composed  of  felspar, 
quartz,  and  chlorite ; one  in  Aberdeenshire  consists  of  felspar 
and  hornblende ; and  another  in  Perthshire,  of  quartz,  felspar, 
and  actinolite.  Mr.  Poulett  Scrope,  in  his  splendid  work  on 
Central  France,  speaks  of  a granite  constituting  a very  exten- 
sive tract  in  the  department  of  Haute  Loire  and  Ardeche,  which 
contains  so  much  pinite  that  it  is  estimated  to  form  a third  part 
of  the  rock.  It  must,  then,  be  evident  that  the  composition  of 
this  rock  is  various,  and  its  colour  will  depend  upon  that  of 
the  preponderating  mineral.  Granite  was  formerly  supposed  to 
be  the  primary  rock, — that  upon  which  all  others  were  formed. 
This  opinion  is  now  found  to  be  erroneous ; for  although  it  fre- 
quently has  its  place  beneath  all  the  stratified  rocks,  yet  it  not 
uncommonly  takes  a higher  position.  Werner  arranges  the 
granites  in  three  classes:  first,  the  primitive,  or  that  which 
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lies  beneath  all  other  rocks ; secondly,  that  which  traverses 
other  rocks  in  veins,  as  may  be  seen  in  Iona,  Barra,  Tirey^  and 
others  of  the  Western  Isles ; and  thirdly,  that  which  superposes 
other  rocks,  as  at  St.  Gothard,  where  it  rests  on  mica  slate,  and 
at  Kielwig,  in  Norway,  where  it  lies  above  clay  slate. 

Granite  is  not  abundant  in  England,  but  in  Scotland  and  Ire- 
land it  occupies  a considerable  extent  of  country.  The  granitic 
region  of  the  eastern  moimtain  chain  of  Ireland  commences  on 
the  south  side  of  Dublin  bay,  and  stretches  continuously  to 
Blackstairs  and  Brandon.  Those  countries  which  consist  of 
granite  are  generally  mountainous  and  rugged,  and  abound  in 
sublime  scenery.  Glendalough,  in  Ireland,  is  a fine  example  : 
the  lake,  the  precipitous  sides  of  the  jagged  mountains,  and  the 
waterfall,  will  not  fail  to  excite  a state  of  mind  often  to  be 
recalled  with  enthusiasm. 


VIEW  OF  THE  AIGUILLE  DS  DRU. 


Mr.  Bakewell  has  described  a very  remarkable  appearance 


220 


TRAP  ROCKS. 


presented  by  a granitic  spire  in  the  valley  of  Chamouny,  which 
will  give  an  idea  of  the  character  of  those  mountainous  countries 
in  which  granite  is  the  principal  formation.  “ The  most  strik- 
ing object  in  the  valley  of  Chamouny,”  says  Mr.  Bakewell, 
“next  to  the  glaciers,  is  the  Aiguille  de  Dru,  a taper  spire  of 
granite,  which  shoots  up  to  the  height  of  eleven  thousand  feet 
above  the  level  of  the  sea,  and* is  apparently  detached  from  all 
the  surrounding  mountains.  The  upper  part,  or  spire,  rises 
nearly  to  a point  in  one  solid  shaft,  more  than  four  thousand 
feet  in  height.  It  is  utterly  inaccessible  ; its  sides  are  rounded, 
and  are  said  to  have  a polish  or  glazing  like  that  which  is  some- 
times seen  on  granite  rocks  exposed  to  the  action  of  the  sea. 
By  what  means  it  has  been  shaped  into  its  present  form  it  is 
difficult  to  conceive.  When  approaching  the  Glacier  de  Bois, 
it  is  impossible  to  view  without  astonishment  this  isolated 
pinnacle  of  granite,  shooting  up  into  the  sky  to  such  an  amaz- 
ing height. 

But  although  granite  is  found  in  some  of  the  highest  chains 
of  mountains,  as  the  Himalaya  and  the  Alps,  it  sometimes 
occupies  comparatively  level  countries.  A skilful  geologist 
may  generally  detect  the  presence  of  this  rock  by  the  singular 
but  almost  indescribable  diversity  of  outline  it  gives  to  a district. 
At  one  time  we  find  it  constituting  a ridge  of  mountains,  or  a 
single  peak,  and  in  others  it  barely  makes  its  appearance  at 
the  surface,  as  though  the  force  which  ejected  it  had  been 
counterbalanced  by  the  resisting  force  of  the  rocks  with  which 
it  was  covered. 


TRAP  ROCKS. 

A number  of  rocks,  having  a resemblance  to  one  another  in 
mineralogical  characters,  have  been  classed  together  under  the 
general  term  of  trap,  from  the  Swedish  Avord  trappa,  a stair, 
because  of  the  stair-like  appearance  they  often  present.  The 
varieties  cf  this  class  of  rocks  greatly  differ  in  appearance,  the 
one  from  the  other,  and  are  designated  by  different  names  : 
thus  we  have  basalt,  greenstone,  clinkstone,  and  others.  They 
are  supposed  to  have  been  formed,  like  granite,  by  the  agency  of 
fire,  and  are  not  only  found  intermixed  Avith  the  stratified  rocks, 
but  have  also  filled  up  the  fissures  which  have  been  made  in 
them,  and  produced  veins. 
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One  of  the  most  singular  circumstances,  in  connexion  with 
the  trap  rocks,  is  the  columnar  structure  they  sometimes  assume. 
The  Giant’s  Causeway  and  Fingal’s  Cave  are  two  justly-cele- 
brated examples. 

The  Giant’s  Causeway  is  situated  on  the  Northern  coast  of 
Antrim,  in  Ireland.  It  commences,  in  one  direction,  at  the 
base  of  a cliff  rising  to  the  height  of  six  hundred  feet  above  the 
level  of  the  Atlantic.  The  Causeway  consists  of  an  immense 
number  of  columns  which  project  into  the  sea  to  a considerable 


giant’s  causeway. 


distance  below  low-water  mark.  Its  length,  at  low  water,  has 
been  computed  at  about  six  hundred  feet,  and  its  greatest  width 
at  about  two  hundred  and  forty  feet.  The  height  of  the 
columns  varies : the  majority  are  not  more  than  twenty  feet 
high,  while  others  have  been  found  to  measure  six-and-thirty. 
But  besides  the  mass  of  columns  which  constitutes  what  is 
called  the  Giant’s  Causeway,  there  are  a great  number  of  the 
same  kind  spread  over  the  country  to  a considerable  distance : 
the  causeway  is  in  fact  only  a portion  of  a great  area  consisting 
of  basaltic  rock. 

Fingal’s  Cave,  in  the  Island  of  Staffa,  one  of  the  Hebrides, 
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is  formed  of  the  same  rock  as  the  Giant’s  Causeway.  The 
entrance  to  this  splendid  cavern  is  about  fifty  feet  broad,  and 
one  hundred  high.  The  entire  length  of  the  cave  is  two  hun- 
dred and  fifty  feet.  On  each  side  there  is  a series  of  beauti- 
fully-formed and  regular  columns,  and  the  broken  pillars  of 
the  roof  present  the  appearance  of  the  enrichments  of  Gothic 
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architecture.  “ But  if  this  cave,”  says  Dr.  Macculloch,  “ were 
even  destitute  of  that  order,  symmetry,  and  richness,  arising 
from  the  multiplicity  of  parts,  combined  with  greatness  of 
dimensions  and  simplicity  of  style,  which  it  possesses,  still  the 
prolonged  length,  the  twilight  gloom,  half  concealed  in  the  play- 
ful and  varying  effects  of  reflected  lights,  the  echo  of  the 
measured  surge  as  it  rises  and  falls,  the  transparent  green  of  the 
water,  and  the  profound  and  fairy  solitude  of  the  whole  scene^ 
could  not  fail  strongly  to  impress  a mind  gifted  with  any  sense 
of  beauty  in  art  or  in  nature.  If  to  these  be  added  that  pecu- 
liar sentiment  with  which  perhaps  Nature  most  impresses  us 
when  she  allows  us  to  draw  comparisons  between  her  works 
and  those  of  aii:,  we  shall  be  compelled  to  own  it  is  not 
without  cause  that  celebrity  has  been  conferred  on  the  cave 
of  Fingal.” 

Many  other  of  the  W estern  Isles  exhibit  beautiful  examples 
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of  the  trap  rocks,  among  which  we  may  especially  notice  the 
picturesque  island  of  Egg.  The  Scuir,  which  is  the  most 
remarkable  appearance,  is  an  immense  columnar  mass  of  trap, 
of  that  variety  called  pitchstone  porphyry,  and  is  upwards  of 
thirteen  hundred  feet  above  the  level  of  the  sea.  “Viewed 
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in  one  direction,  the  Scuir  presents  a long  irregular  wall  crown- 
ing the  summit  of  the  highest  hill,  while  on  the  other  it  resem- 
bles a huge  tower.  The  clouds  may  be  often  seen  hovering  on 
its  summit  and  adding  ideal  dimensions  to  the  lofty  face,  or 
when  it  is  viewed  on  the  extremity  conveying  the  impression  of 
a tower,  the  height  of  which  is  such  as  to  lie  in  the  region  of 
the  clouds.  Occasionally  they  sweep  along  the  base,  leaving  its 
huge  black  mass  involved  in  additional  gloom,  and  resembling 
the  castle  of  some  Arabian  enchanter,  built  on  the  clouds  and 
suspended  in  the  air." 

We  have  mentioned  a few  examples  of  the  columnar  struc- 
ture sometimes  assumed  by  trap  rocks,  but  it  must  not  be 
considered  as  a universal  appearance.  They  are  not  unfre- 
quently  found  to  overlie  the  stratified  rocks,  and  in  this  state 
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they  possess  all  the  distinguishing  characters  of  recent  volcanic 
products.  It  is  not  unusual  for  them  to  form  groups  or  ridges 
of  mountains,  having  considerable  elevation  and  rounded  forms ; 
and  at  other  times,  the  districts  in  which  they  occur  present 
low  and  gentle  undulations.  This  tameness  of  outline  may, 
perhaps,  in  some  measure,  be  attributed  to  their  igneous  charac- 
ter, and  the  circumstances  under  which  they  were  formed  ; but 
in  a stUl  greater  degree  to  the  rapid  disintegration  of  the  rocks 
in  consequence  of  the  yielding  nature  of  their  material.  There 
is,  however,  another  form  under  which  the  unstratified  rocks 
are  presented  to  our  notice,  and  that  is  in  the  shape  of 

GRANITE  AND  TRAP  VEINS. 

It  has  been  already  stated  that  the  unstratified  masses  are 
frequently  found  to  traverse  other  rocks  in  the  form  of  veins. 
From  the  appearance  which  is  thus  presented  we  gather  an 
evidence  that  they  have  been  in  a state  of  igneous  fusion,  for  it 
is  only  by  this  supposition  that  we  can  account  for  the  existence 
of  veins.  If  we  imagine  granite  or  trap,  liquefied  by  heat,  to 
lie  beneath  a stratified  rock,  it  is  evident  that  it  may  be  forced 
into  any  fissure  that  is  made,  and  form  a vein,  when  it  has 
solidified  by  cooling.  So  if  a liquefied  rock  flows  over  another 
rock,  it  will  enter  into  all  the  openings  in  its  surface. 

Some  years  since,  when  the  Wernerian  theory  was  in  vogue, 
the  existence  of  granite  veins  was  doubted  by  many  geologists, 
but  we  have  now  abundant  examples.  In  the  neighbourhood 
of  the  Land’s  End  in  Cornwall,  in  the  Alps,  and  in  many  parts 
of  Scotland,  particularly  in  Glen  Tilt,  they  have  been  traced  by 
many  observers. 

These  veins  have  been  formed  at  different  periods  of  the 
geological  era.  This  fact  is  ascertained  not  only  from  the 
character  and  age  of  the  rocks  which  are  traversed,  but  also 
from  the  circumstance  that,  in  some  instances,  veins  are  inter- 
sected by  other  veins,  and  the  appearance  that  is  presented  at 
the  point  of  intersection  enables  the  observer  to  judge  of  their 
relative  ages. 

Trappean  rocks  have  also  been  injected  among  the  stratified 
beds.  Tiiere  is,  perhaps,  no  better  locality  for  the  examina- 
tion of  these  rocks  than  the  coast  and  islands  of  Scotland,  so 
well  described  by  Dr.  MaccuHoch.  It  is  not  always  possible  to 
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trace  tlie  veins  of  unstratified  rocks  to  the  mass  from  which 
they  proceeded,  but  this  may  be  done  in  the  majority  of  cases, 
though  in  others,  as  can  be  readily  imagined,  the  mass  is  too 
deeply  seated  beneath  the  surface  of  the  earth. 

The  size  of  these  veins  is  exceedingly  various  both  in  length 
and  breadth.  They  have  been  seen  to  decrease  in  breadth  from 
many  yards  to  a few  inches,  while  they  differ  in  length  between 
miles  and  feet ; but  it  may  be  taken  as  a general  rule  that  the  trap 
veins  are  much  more  extensive  than  the  granitic,  and  they  are, 
usually,  more  vertical. 

Veins  also  differ  in  another  particular.  Some  are,  as  it  were, 
immensely  thick  walls,  and  divide  the  strata  without  turning 


from  their  perpendicular  direction.  But  others  diverge  from 
side  to  side,  and  are  characterised  by  extensive  ramifications  ; 
this  is  generally  the  feature  of  granitic  veins,  and  of  the  trap 
occasionally. 


METALLIC  VEINS. 

Other  substances  beside  the  unstratified  rocks  occur  in  veins, 
and  particularly  the  metals.  The  metallic  ores  are  sometimes 
disseminated  through  the  mass,  as  tin  is  in  granite ; sometimes 
they  are  found  in  bunches,  as  in  the  copper  mines  of  Ecton,  in 
Staffordshire ; at  other  times  they  occur  in  beds,  as  in  Thurin 
gia ; but  in  England  they  are  commonly  found  in  veins,  called 
lodes  by  the  miners.  It  must  not,  however,  be  supposed  that 
these  veins  are  entirely  filled  with  metal,  for,  generally  speak- 
ing, the  ore  occuj)ies  only  a portion  of  the  vein,  and  the  other 
part  is  either  entirely  empty,  or  filled  with  broken  earthy  sub- 
stances, called  deads. 

Veins  differ  considerably  in  thickness.  Humboldt  observed 
a vein  of  spar  in  the  Alps  of  Switzerland,  which  was  one 
hundred  and  forty  feet  thick.  Metalliferous  veins  are  generally 
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much  narrower,  but  the  mines  of  Pasco,  in  Peru,  are  situated 
in  a vein  of  brown  iron-stone,  containing  silver,  which  is  thirteen 
hundred  yards  wide.  Some  of  the  tin  veins  of  Cornwall  are  not 
more  than  three  inches  thick,  while  others  are  thirty  feet.  The 
general  thickness  of  the  copper  and  tin  veins  in  this  country  is 
from  a foot  to  three  feet ; and  it  has  been  observed  that  the  ore 
of  these  is  much  less  intermixed  with  foreign  ingredients  than 
that  of  wider  veins. 

When  a vein  that  has  been  productive  in  one  rock  enters 
another,  it  very  rarely  continues  to  be  equally  rich ; and  it  is  a 
remarkable  fact,  that  veins  are  found  to  be  rich  or  poor,  accord- 
ing to  the  nature  of  the  rock  in  which  they  happen  to  lie. 
The  lead  veins  enlarge  and  become  richer  when  they  pass 
through  sandstone  or  slate  into  limestone.  It  is  well  known 
that  all  the  lead  mines  of  Northumberland  and  Durham  are 
situated  in  this  rock  ; and  in  these  counties  the  deeper  the  veins 
are  followed,  the  poorer  they  become ; but  in  the  copper  mines 
of  Cornwall  the  deeper  the  veins,  the  richer  they  are  found  to 
be,  and  it  is  said  they  are  never  known  to  come  to  an  end, 
although  several  of  them  have  been  traced  to  a depth  of  one 
thousand  feet  from  the  surface,  and  a few  for  fifteen  hundred 
feet. 

There  is  only  one  ore  of  tin,  called  the  native  oxide,  and  it  is 
sometimes,  though  rarely,  found  with  the  copper  ores,  but  it  is 
not  at  all  uncommon  for  them  to  follow  each  other.  Tin  will 
perhaps  be  traced  for  eighty  or  one  hundred  feet,  and  then  a 
course  of  copper ; but  when  a rich  copper  is  found  at  the 
commencement  of  the  vein,  tin  has  never  been  known  to 
succeed  it. 

The  most  recent  veins,  which  run  north  and  south,  are 
called  cross  veins,  and  pass  through  those  which  lie  east  and 
west.  This  circumstance  leads  us  to  the  deduction  that  the 
east  and  west  are  older  than  the  north  and  south,  which  are 
usually  filled  with  clayey  substances,  and  contain  but  little  ore; 
the  metalliferous  veins  are  those  that  run  east  and  west.  A 
cross  vein  frequently  disturbs  the  direction  of  a vein  that  lies 
east  and  west,  and  many  months  have  been  spent  in  the  effort 
to  find  it  again.  Not  long  ago  a vein  was  recovered  four  hundred 
ai  d fifty  feet  from  the  cross  vein  that  altered  its  course. 

The  origin  of  metallic  veins  is  not  by  any  means  so  clear  as 
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that  of  the  granitic.  It  is  quite  possible  that  many  of  them 
may  have  been  formed  by  injection  from  below,  in  the  same 
manner  as  the  veins  of  unstratified  rock.  But  this  supposition 
will  not  account  for  the  alteration  in  the  character  and  thick- 
ness of  veins  which  has  been  observed  when  they  leave  one 
rock  and  enter  another.  The  general  tendency  of  the  veins  to 
take  a north  and  south,  or  east  and  west  direction,  is  another 
fact  unexplained  by  this  theory.  It  has  been  supposed  that 
electricity  has  been  an  active  agent  in  their  formation,  and  the 
interesting  experiments  made  by  Mr.  Fox  give  some  probability 
to  the  opinion.  Further  research,  however,  is  necessary  before 
any  theory  can  be  established. 

COAL-MEASURES. 

Having  explained  the  general  characters  and  appearances  of 
the  two  great  classes  of  rocks,  the  stratified  and  the  unstratified, 
we  shall  proceed  to  illustrate  their  combination  by  the  descrip- 
tion of  one  of  those  series  of  beds  called  formations.  For  this 
purpose  the  coal-measures  may  be  chosen,  not  only  because 
they  furnish  that  most  useful  and  important  mineral,  coal,  but 
also  because  they  are  more  adapted  to  our  purpose  than  any 
other  series  of  rocks. 

The  coal-measures  consist  of  numerous  beds  of  sandstone, 
shale,  or  slate  clay,  and  coal,  irregularly  interstratified.  The 
coal  does  not  occur  as  a single  bed  of  considerable  thickness, 
but  as  a series  of  distinct  layers,  in  some  instances  as  many 
as  thirty  or  forty,  alternating  with  sandstone  and  shale.  The 
nature  of  the  coal-measures  will  be  better  understood  by  the 
following  table  of  the  beds  which  have  been  passed  through  at 
the  coal- works  of  Rowley,  in  South  Staffordshire,  than  by  any 
description  that  could  be  given. 

Feet  In. 


Coal 

11  beds, 

Total  thickness  81  ^ 

Limestone 

1 

. 30  0 

Slate  Clay  (Shale) 

30  . 

. 715  8 

Gravel 

I 

. 6 0 

Bituminous  Shale 

2 . 

. . 6 7 

Sandstone 

13 

. 82  10 

Shale  (emitting  fire-damp) 

1 . 

. . . . 0 3 

Clay 

2 

. 9 9 

Ditto  (coaly) 

2 . 

. 1 1 

Ditto  (red) 

1 

. 5 6 

Soil 

] . 

. : 1 0 

Q 2 


940  3 
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The  slate  clay,  or  shale,  called  by  miners  shivers  and  black 
metal,  frequently  forms  nearly  three -fourths  of  the  mass 
constituting  the  coal-measures.  The  sandstone  of  this  series  is 
used,  when  hard,  for  grindstones,  while  the  softer  varieties  are 
employed  for  filtering.  Another  bed  frequently  associated  with 
the  coal-measures  is  clay  iron-stone,  so  called  because  of  the 
large  quantity  of  iron  that  is  obtained  from  it.  Next  to  the 
coal,  it  is  the  most  important  bed  of  the  coal-measures.  At  the 
Merthyr  Tydvil  Works,  in  Wales,  there  are  sixteen  strata  of 
iron-stone  intermixed  with  numerous  strata  of  coal.  In  the 
years  1805  and  1806,  26,253  tons  of  iron  were  obtained  from 
the  iron-stone  at  this  place,  and  nearly  three  times  as  much  is 
produced  at  the  present  time. 

The  coal-measures  abound  in  vegetable  remains,  and  the  coal 
itself  is  very  generally  considered  to  have  had  a vegetable  origin. 
The  great  abundance  of  vegetable  remains  in  the  alternating 
beds  of  this  formation  is  a strong  reason  in  favour  of  the  vege- 
table origin  of  coal ; and  the  state  in  which  they  are  found,  the 
W'oody  parts  being  usually  converted  into  coal,  or  a substance 
having  nearly  the  same  chemical  composition,  is  one  argument 
in  favour  of  this  opinion. 

It  is  well  known,  that  in  many  parts  of  our  own  country 
accumulations  of  wood  and  plants  are  found,  which,  although 
now  mingled  with  the  mineral  deposits,  at  no  very  distant 
period  were  growing  on  the  spot  where  they  are  buried. 
These  vegetable  deposits  are  found  in  different  states.  Some- 
times the  wood  is  so  perfect,  that  the  character  and  species  of 
the  tree  may  be  readily  determined,  while  at  other  times  it  is 
much  decayed,  and  has  suffered  so  great  a chemical  change  from 
humidity  and  pressure,  that  its  vegetable  origin  can  scarcely  be 
recognised.  That  substance  called  peat,  and  used  as  fuel  by 
the  lower  classes  in  many  parts  of  this  and  other  countries,  is  a 
vegetable  remain  of  the  latter  kind.  At  other  times  we  find 
vegetables  changed  into  that  well-known  substance  jet,  of 
which  boxes  and  other  trinkets  are  frequently  formed.  Of  the 
vegetable  origin  of  jet  there  cannot  be  the  slightest  doubt,  for 
instances  have  occurred  in  which  one-half  of  the  trunk  of  a 
tree  has  retained  its  natural  character,  while  the  other  half  has 
been  converted  into  pure  jet.  The  characters  of  this  substance 
and  an  imperfect  coal  called  cannel  coal  are  the  same,  and  their 
external  appearances  have  frequently  a close  analogy. 
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A succession  of  changes  from  vegetation  to  coal  may  there- 
fore be  traced,  and  this  fact,  independent  of  all  other  argu- 
ment, is  some  proof  of  the  origin  of  the  coal-beds.  But 
there  is  no  point  of  resemblance  between  the  vegetables  of  the 
coal-measures  and  of  the  submarine  forests  which  have  been 
formed  in  comparatively  recent  times,  or  are  now  being  formed. 
They  are  in  both  instances  mingled  with  mineral  deposits;  but 
the  plants  belonging  to  the  recent  formations  are  not  to  be  dis- 
tinguished from  those  which  are  now  growing  in  the  countries 
where  these  beds  are  found.  The  oak,  beech,  elm,  alder,  and 
hazel  have  been  detected  in  the  submarine  forests,  and  with 
them  the  hazel-nut,  as  well  as  commmon  household  utensils 
and  partly  obliterated  coins,  all  which  are  evidences  of  a recent 
formation.  But  the  vegetables  found  in  the  beds  associated 
with  the  coal  have  no  feature  in  common  with  those  now  found 
in  England. 

The  remains  of  plants  in  the  coal-measures  are,  according  to 
the  opinion  of  the  most  celebrated  botanists,  such  as  could  only 
have  existed  in  tropical  regions.  Now  if  these  plants  grew  in 
a country  that  had  a temperature  at  least  as  warm  as  the  tropics, 
one  of  two  things  must  have  happened : either  they  were  drifted 
by  water  from  some  very  distant  place,  or,  if  they  grew  on  or 
near  the  place  where  their  remains  are  found,  the  temperature 
of  the  earth  must  have  changed  since  the  formation  of  the  coal- 
measures. 

The  state  of  the  vegetable  remains  forbids,  according  to  the 
opinion  of  the  most  eminent  geologists,  the  supposition  that 
they  were  brought  from  any  distance  to  their  present  situations 
by  water.  They  are  generally  found  lying  flat,  with  their 
stems  and  leaves  parallel  to  the  direction  of  the  strata,  but  this 
is  not  universally  the  case.  Mr.  Witham  states,  that  he  has 
found  them  in  a vertical  position,  and  especially  notices  the 
occurrence  of  a number  of  fossil  vegetables  beneath  the  high 
main  coal  at  Newcastle,  which  had  their  roots  fixed  in  a seam 
of  coal,  and  presented  an  appearance  as  if  they  had  been  em- 
bedded in  the  spot  on  which  they  were  growing ; and  the  same 
fact  has  been  observed  at  St.  Etienne  by  M.  Brogniart.  These 
facts  are  considered  to  oppose  the  supposition  that  the  vegetable 
remains  were  drifted  from  any  considerable  distance  to  the  spots 
where  they  are  now  embedded. 
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In  addition  to  this  argument  against  the  transport  of  the 
plants  of  the  coal-measures,  it  is  stated  that  they  must  all  have 
been  much  more  injured  than  they  are,  if  they  had  been  thus 
brought  to  their  present  situations.  A plant  of  delicate  texture 
cannot  be  long  in  the  water,  unless  at  some  depth  beneath  the 
surface,  without  decomposition,  or  at  least  some  injury  to  its 
external  characters.  But  the  vegetables  found  in  the  coal- 
measures  have  not  any  such  external  marks  of  injury.  Their 
leaves  are  beautifully  preserved,  and  their  markings  are  exceed- 
ingly distinct. 

These  considerations  induce  the  belief,  that  the  vegetable 
remains  of  the  coal-measures  could  not  have  been  transported 
from  a distance,  and  consequently  that  they  grew  on  or  near 
the  places  where  they  are  found,  and  that  the  surface  tempera- 
ture of  the  earth  has  been  changed. 

[Of  the  vegetable  formation  of  coal,  on  the  spot  where  it 
grew,  we  have  something  like  modern  evidence  in  the  appear- 
ance of  “ the  Great  Dismal  Swamp  of  America,”  as  it  is  called. 
This  swamp  is  situated  partly  in  Virginia  and  partly  in  North 
Carolina,  and  is  about  forty  miles  in  length,  from  north  to 
south,  and  twenty-five  miles  in  its  greatest  width,  from  east  to 
west.  It  is  one  enormous  mass  of  quagmire,  except  where  the 
surface  is  rendered  partially  firm  by  a covering  of  vegetables 
and  their  matted  roots.  Numerous  trunks  of  trees  lie  buried 
in  the  black  mire  of  the  morass.  It  is  so  loose  a soil  that  they 
are  easily  overthrown  by  winds,  and  nearly  as  many  have  been 
found  lying  beneath  the  surface  of  the  peaty  soil,  as  standing 
erect  upon  it.  When  thrown  down  they  are  soon  covered  by 
water;  and,  keeping  wet,  they  never  decompose.  Sir  Charles 
Lyell,  in  his  “ Travels  in  North  America,”  has  given  some  in- 
teresting particulars  of  this  swamp,  in  connection  with  geolo- 
gical science,  and  as  illustrative  of  coal  formations.  “ That 
the  ancient  seams  of  coal,”  says  he,  “ were  produced  for  the 
most  part  by  terrestrial  plants  of  all  sizes,  not  drifted  but  grow- 
ing on  the  spot,  is  a theory  more  and  more  generally  adopted 
in  modern  times ; and  the  growth  of  what  is  called  sponge  in 
such  a swamp,  and  in  such  a climate  as  the  Great  Dismal, 
already  covering  so  many  square  miles  of  a low  level  region, 
bordering  the  sea,  and  capable  of  spreading  itself  indefinitely 
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over  the  adjacent  country,  helps  us  greatly  to  conceive  the 
manner  in  which  the  coal  of  the  ancient  carboniferous  rocks 
may  have  been  formed.  The  heat,  perhaps,  may  not  have  been 
excessive  when  the  coal  measures  originated,  but  the  entire 
absence  of  frost,  with  a warm  and  damp  atmosphere,  may  have 
enabled  tropical  forms  to  flourish  in  latitudes  far  distant  from 
the  line.  Huge  swamps  in  a rainy  climate,  standing  above  the 
level  of  the  surrounding  firm  land,  and  supporting  a dense 
forest,  may  have  spread  far  and  wide,  invading  the  plains,  like 
some  European  peat-mosses  when  they  are  burst,  and  the 
frequent  submergence  of  these  masses  of  vegetable  matter 
beneath  seas  or  estuaries,  as  often  as  the  land  sank  down  during 
subterranean  movements,  may  have  given  rise  to  the  deposition 
of  strata  of  mud,  sand,  or  limestone,  immediately  upon  the 
vegetable  matter.  The  conversion  of  successive  surfaces  into  dry 
land,  where  other  swamps  supporting  trees  may  have  formed, 
might  give  origin  to  a continued  series  of  coal  measures  of  great 
thickness.  In  some  kinds  of  coal  the  vegetable  texture  is  ap- 
parent throughout  under  the  microscope  ; in  others  it  has  only 
partially  disappeared  ; but  even  in  this  coal  the  flattened  trunks 
of  trees  of  the  genera  Lepidodendron  sigillaria  and  others, 
converted  into  pure  coal,  are  occasionally  met  with,  and  erect 
fossil  trees  are  observed  in  the  overlying  strata,  terminating 
downwards  in  seams  of  coal.”] 

If  the  reader  can  for  a moment  only  imagine  the  state  of  the 
vast  forests  of  Brazil,  or  the  extended  woods  on  the  banks  of  the 
Missouri,  he  may  approach,  in  fancy,  the  physical  condition  of 
that  country  in  which  the  vegetables  of  the  coal-measures  grew. 

So  closely  are  the  unstratified  rocks  associated  with  the  beds 
of  the  coal-measures,  that  they  have  been  considered  almost  an 
essential  part  of  the  formation.  Although  we'can  only  consider 
them  as  occasional  or  frequent  intruders, yet  it  cannot  be  denied 
that  the  coal-measures  have  been  greatly  disturbed  by  their 
injection,  and  that  to  them  we  may  trace  the  present  condition 
of  the  formation.  Immense  walls  or  dykes  of  trap,  many  of 
which  were  evidently  injected  a considerable  time  after  the  depo- 
sition of  the  stratified  rocks,  are  not  uncommon  in  coal  districts. 
The  Cleveland  dyke  is  an  instance  of  this,  for  it  pierces  through 
four’  formations  that  were  deposited  after  the  coal-measures. 
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These  dykes,  which  are  fissures  filled  with  unstratified  rocks, 
have  acted  as  mechanical  agents  in  contorting  the  strata,  some- 
times to  a considerable  extent.  The  dyke,  which  extends  from 
Whitby,  in  Northumberland,  to  Greenside,  in  Durham,  has 
thrown  down  the  strata,  on  the  north  side,  about  five  hun- 
dred and  forty  feet ; but  this  effect  is  to  be  attributed  to  the 
fissure  made  in  the  beds,  and  not  to  the  ejection  of  a liquefied 
rock,  for  the  opening  is  filled  with  clay.  The  dyke  at  Bar- 
treeford  throws  down  the  strata  four  hundred  and  eighty  feet 
on  its  west  side ; but  a branch  of  the  Coaly  Hill  dyke  traverses 
the  beds  of  the  Walker  Colliery  on  the  Tyne,  without  causing 
any  alteration  in  their  level,  though  it  is  thirty-five  feet  thick, 
and  quite  vertical.  There  is  a very  considerable  fault  near 
Bilston,  in  the  South  Staffordshire  Dudley  coal-field,  and  it  has 
the  effect  of  reversing  the  dip  of  the  beds.  On  the  south  side  of 
the  fault  they  dip  to  the  south,  while  on  the  north  side  they  dip 
to  the  north,  presenting  an  appearance  not  unlike  the  transverse 
section  of  a roof. 

If  any  further  evidence  were  necessary  to  prove  that  the  trap 
dykes  were  formed  by  the  agency  of  heat,  and  at  a period  after 
the  deposition  of  the  coal-measures,  that  evidence  might  be 
gathered  from  the  effect  which  has  in  many  instances  been  pro- 
duced upon  the  coal-beds.  The  Coaly  Hill  dyke,  which  has 
been  traced  from  the  sea  to  the  western  side  of  Northumberland, 
has  charred  the  beds  of  coal  with  which  it  is  in  contact.  The 
Cockfield  dyke,  which  underlies  the  coal-measures  of  Durham, 
has  reduced  the  coal  in  its  vicinity  to  a cinder,  and  has  sublimed 
the  sulphur  from  the  iron-stone.  It  once  happened  that  the 
collieries  of  Durham  caught  fire,  and  continued  to  burn  for 
many  years.  The  heat  which  was  thrown  out  was  so  great, 
that  the  vegetation  on  the  land  above  the  burning  coal  was 
accelerated,  the  temperature  of  the  water  was  raised,  and  the 
clay  in  immediate  contact  with  the  burning  fuel  was  converted 
into  a species  of  porcelain  jasper.  From  these  statements  it  will 
be  evident  that  coal  is  of  vegetable  origin,  and  that  the  unstratified 
rocks  have  been  ejected  among  them  in  a heated  liquefied  state. 

Gathering  together  the  variety  of  evidence  that  has  been 
alluded  to,  we  are  led  to  the  conclusion,  that  vegetable  sub- 
stances may  be  converted  into  coal  by  the  united  action  of 
moisture,  pressure,  and  heat,  air  being  excluded.  The  heat 
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has,  in  many  instances,  resulted  from  the  actual  ejection  of 
volcanic  rocks  among  the  beds;  and  where  this  has  not  occurred, 
the  temperature  of  the  earth  has  been  sufficiently  intense,  from 
the  peculiar  activity  of  volcanic  causes  at  the  time,  to  produce 
the  change. 

This  brief  account  of  the  evidence  which  has  been  collected 
in  reference  to  the  origin  of  coal  may  serve  as  an  example  of 
the  manner  in  which  the  geologist  pursues  his  inquiries  con- 
cerning the  formation  of  rocks,  and  at  the  same  time  disabuse 
the  minds  of  those  persons  who  believe  that  his  opinions  are 
merely  speculative  conjectures. 

ORGANIC  REMAINS — FOSSILS. 

It  has  been  already  stated  that  many  stratified  rocks  contain 
the  remains  of  organised  bodies,  some  of  which  are  of  the  most  re- 
markable character,  and  lead  to  important  deductions.  The  won- 
der of  thinking  men  has  long  been  excited  by  the  discovery  of 
these  in  the  solid  strataof  the  globe,  and  that  at  great  depths  be- 
low the  surface.  There  is  evidence  that  they  were  objects  of  atten- 
tion, among  the  learned,  long  before  the  science  of  geology  had  a 
name,  and  some  of  the  speculations  which  have  reached  us  are 
little  to  be  preferred  to  the  notions  of  the  most  ignorant  peasants 
of  our  own  day.  But  since  men  have  been  engaged  in  geological 
investigations,  the  study  of  fossils  has  risen  to  great  importance. 

[Fossil  is  the  term  universally  applied  to  those  organic 
remains  of  the  vegetable  and  animal  creations  which  are  daily 
discovered  in  the  geological  strata  of  the  earth’s  crust.  In  its 
original  and  natural  sense,  the  term  might  be  applied,  as  it 
formerly  was,  to  any  body  dug  out  of  the  earth,  and  would  then 
comprise  minerals,  metals,  and  all  other  substances  thus  ob- 
tained. Amongst  such  fossils,  there  were  occasionally  found 
mineral  bodies  which  exhibited  so  strong  a resemblance,  in 
their  external  forms,  to  known  organic  structures,  that  it  was 
impossible  not  to  ask — are  these  bodies  merely  the  production 
of  some  fanciful  operation  of  Nature’s  powers,  or  are  they 
really  relics  of  organized  beings  ? The  progress  of  discovery 
soon  led  to  the  rejection  of  the  first  of  these  theories,  and  for 
a time  geologists,  deceived  by  a general  resemblance,  and  over- 
looking the  specific  distinction  between  fossil  and  existing 
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organisms,  explained  the  occurrence  of  organic  fossils  within 
the  solid  matter  of  the  earth  by  the  operation  of  the  great  Deluge, 
which  they  supposed  to  have  torn  up  the  crust  of  the  earth 
and  spread  its  comminuted  fragments  over  the  surface,  mixed 
up  with  shells  and  other  organic  bodies  which  were  living  at 
the  time  of  the  great  catastrophe.  The  labours  of  modern 
philosophers  have  dispelled  this  second  error,  and  established  a 
new  science,  Paloiontology  (doctrine  of  ancient  or  extinct  ani- 
mals), by  discovering  that  fossil  organic  bodies  are  specifically 
and  often  generically  extinct  from  any  now  living,  and  are 
therefore,  as  relics  of  extinct  animals,  the  records  of  successive 
phenomena,  which  involves  the  appearance  and  disappearance 
of  organic  bodies,  under  forms  and  combinations  suited  to  the 
varying  conditions  of  the  earth’s  surface. 

The  weight  of  this  evidence  in  favour  of  the  existence  of 
assemblages  of  animals  and  plants,  which  at  successive  epochs 
of  the  earth’s  history,  have  been  swept  away,  may  be  estimated 
from  the  fact  that  probably  nearly  30,000  species  of  fossil 
animals  and  plants  have  been  discovered  and  described.] 

By  the  character  of  the  organic  remains,  the  relative  position 
and  age  of  a deposit  may,  as  we  have  already  shown,  be  fre- 
quently ascertained,  for  every  series  of  beds  contains  some  which 
are  peculiar  to  itself,  though  it  is  not  always  possible  to  assign 
to  a deposit  its  proper  position  in  the  geological  series. 

The  fact  that  every  series  of  rocks  contains  fossils  peculiar 
to  itself,  was  first  discovered  by  Lister,  more  than  one  hundred 
and  fifty  years  ago ; but  the  honour  of  demonstrating  it  by 
extensive  observation  is  due  to  Mr,  William  Smith ; and  thus 
he  has  excited  the  naturalist,  as  well  as  the  geologist,  to  extend 
his  observations  into  the  crust  of  the  earth,  where  the  remains 
of  a race  of  beings,  before  entirely  unknown,  are  discovered. 

The  fossilised  bones  of  animals  are  among  the  most  singular 
organic  remains.  Baron  Cuvier,  the  celebrated  French  geolo- 
gist, was  the  first  who  commenced  the  study  of  these  fossils. 
An  antiquary  of  a new  order,  to  use  his  own  words,  he  was 
obliged  at  once  to  learn  the  art  of  restoring  these  monuments 
of  past  revolutions  to  their  original  forms,  and  to  discover  their 
nature  and  relations.  He  had  to  collect  in  their  original  order 
the  fragments  of  which  they  consisted,  and  to  reproduce  the 


REPTILES. 


235 


ancient  beings  to  which  they  belonged,  with  all  their  proportions 
and  characters,  as  well  as  to  compare  them  with  those  which 
now  live  on  the  surface  of  the  globe.  In  effecting  these  objects 
he  was  assisted  by  naturalists  and  geologists  in  various  countries, 
and  by  his  labours  the  characters  of  many  singular  animals 
were  determined. 

REPTILES. 

None  of  the  results  of  modern  geology  have  attracted  so  much 
public  attention  as  the  discovery  of  the  remains  of  many  gigantic 
reptiles.  There  has  been  a time  in  the  history  of  our  world 
when  these  animals  attained  an  appalling  magnitude,  and,  riot- 
ing in  the  wide  expanse  of  water,  swayed  the  sceptre  of  uncon- 
troverted power  over  all  other  created  beings.  The  descriptions 
of  the  fabled  monsters  of  antiquity, which  have  so  often  delighted 
our  childhood,  lose  all  their  character  of  exaggeration,  when 
compared  with  those  that  have  been  given  of  the  reptiles  whoSe 
bones  are  entombed  in  the  solid  strata  of  the  globe.  Some  of 
these  have  evidently  been  fitted  to  live  in  the  deep  waters  of  the 
sea,  while  others  inhabited  lakes  and  rivers ; but  they  all  appear 
to  have  existed  at  a period  when  the  temperature  of  our  earth 
was  much  higher  than  in  any  period  within  the  range  of  history. 
Judging  from  the  antiquity  of  the  rocks  in  which  the  bones  of 
reptiles  are  found,  they  appear  to  have  been  created  long  before 
the  viviparous  animals,  and  at  a time  when  the  earth  was  unfit 
for  creatures  of  a higher  organisation. 

The  first  appearance  of  the  bones  of  reptiles  is  in  the  beds 
lying  immediately  above  the  coal-measures,  and  they  are  found 
more  or  less  abundant  as  high  as  the  chalk  deposit,  but  above 
this  they  entirely  disappear.  During  some  part  of  the  time 
that  intervened  between  the  formation  of  these  two  deposits,  the 
reptiles  must  have  existed  in  immense  numbers,  if  we  may 
calculate  from  the  quantity  of  bones  that  ai’e  found.  They  are 
most  abundant  in  a limestone  rock  called  the  lias,  in  which  the 
bones  of  two  extinct  marine  genera,  the  ichthyosaurus  and  ple- 
siosaurus, are  very  numerous. 

THE  ICHTHYOSAURUS. 

The  ichthyosaurus,  whose  remains  were  discovered  by  Sir 
Everard  Home,  had  a large  head,  enormous  eyes,  a short  neck, 
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and  a very  long  tail.  It  was  evidently  destined  to  live  in  the 
sea,  being  furnished  with  four  broad  and  flat  paddles,  which  it 
used  to  force  its  way  through  the  water,  and  to  direct  its  course. 


THE  SKELETON  OF  THE  ICHTHYOSAURUS. 


This  animal  attained  a length  of  from  twenty  to  thirty  feet. 
Its  head  and  sternum  resembled  the  lizard,  its  muzzle  the  dol- 
phin, and  its  teeth  the  crocodile ; its  eyes  were  immense,  and 
its  teeth  conical  and  pointed. 

THE  PLESIOSAURUS. 

The  plesiosaurus  resembled  the  ichthyosaurus  in  some  par- 
ticulars, and  had  four  paddles  of  a similar  structure,  but  it  differed 
from  all  other  animals  in  the  extreme  length  of  the  neck,  and 
the  number  of  vertebrae  of  which  it  was  composed.  The  neck 
of  bii’ds  contains  from  nine  to  twenty-three  vertebrae ; and 
reptiles  have  from  three  to  eight.  But  one  species  of  the  ple- 
siosaurus had  thirty.  This  singular  animal  is  supposed  to  have 


swum  on  or  near  the  surface  of  the  water,  carrying  its  head  like 
a swan,  and  darting  upon  the  fish  on  which  it  lived.  For  our 
knowledge  of  this  interesting  animal,  we  are  entirely  indebted 
to  that  very  able  geologist,  Mr.  Conybeare.  When  examining 
some  vertebrae  of  the  crocodile  and  ichthyosaurus,  found  in  the 
neighbourhood  of  Bristol,  he  detected  some  i-emains  among  them 
which  appeared  to  differ  from  those  of  both  genera.  This  sup- 
position was  strengthened  by  finding,  in  the  collection  of  Colonel 
Birch,  a considerable  portion  of  the  skeleton  of  the  animal,  and 
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he  immediately  commenced  his  researches,  hoping  to  obtain 
other  bones  of  the  newly-discovered  genus,  and  in  1 821  published 
a memoir  conjointly  with  Mr.  De  la  Beche,  describing  its  cha- 
racters. At  this  time  the  head  was  wanting,  but  in  the  follow- 
ing year  he  obtained  one  that  was  tolerably  perfect.  In  the 
year  1824,  Miss  Auning,  of  Lyme  Regis,  found  a skeleton,  nearly 
entire,  by  which  Mr.  Conybeare  was  able  to  complete  his 
researches.  Such  is  the  history  of  the  circumstances  by  which 
we  were  made  acquainted  with  the  plesiosaurus. 

» THE  PTERODACTYLUS. 

The  pterodactylus  was  a flying  animal.  It  had  the  wings 
of  a bat,  and  the  structure  of  a reptile ; jaws  with  sharp  teeth. 


and  claws  with  long  hooked  nails.  The  power  which  it  had 
of  flying,  was  not  by  means  of  its  ribs,  nor  by  .wings  without 
fingei’s,  as  in  birds,  but  by  wings  supported  by  one  very  elong- 
ated toe,  the  others  being  short  and  furnished  with  claws.  The 
remains  of  this  animal  were  brought  under  examination  by 
M.  Collini,  Director  of  the  Museum  of  the  Elector  Palatine  at 
Manheim.  There  was  at  first  some  discussion  as  to  the  actual 
character  of  the  animal.  M.  Blumenbach  supposed  it  to  be  a 
bird,  and  M.  de  Soemmering  classed  it  among  the  bats.  M. 
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Cuvier,  however,  maintained  that  it  was  a reptile,  and  showed 
that  all  its  bones,  from  the  teeth  to  the  claws,  possessed  the 
characters  which  distinguish  that  class  of  animals.  But  still  it 
differed  from  all  other  reptiles  in  possessing  the  capability  of 
flying.  It  is  probable  that  it  could  at  pleasure  fold  up  its  wings 
in  the  same  manner  as  birds,  and  might  suspend  itself  on 
branches  of  trees  by  its  fore  toes,  though  it  possessed  the  power 
of  sitting  upright  on  its  hind  feet.  This  is  the  most  anomalous 
of  all  the  fossU  reptiles. 

THE  MEGALOSAUBUS. 

This  monstrous  animal  must  have  been  thirty  or  forty  feet 
in  length,  and  seven  or  more  in  height.  It  was  probably  a ter- 
restrial animal,  and  from  the  form  of  its  teeth,  the  structure  of 
its  jaws,  and  the  bones  of  the  extremities,  we  discover  the 
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anatomy  of  its  giant  form.  The  remains  of  this  animal 
were  discovered  at  Stonesfield  by  our  eminently  distinguished 
countryman.  Dr.  Buckland. 

THE  IGUANODON. 

The  iguanodon  was  an  herbivorous  reptile,  which  differed 
from  all  the  animals  we  have  mentioned,  and  surpassed  them 
in  size.  A thigh-bone  of  one  specimen  of  this  animal,  discovered 
by  Dr.  Mantel,  measured  twenty-three  inches  in  circumference, 
and  its  teeth  w'ere  as  large  as  the  incisors  of  the  rhinoceros.  It 
derives  its  name  from  the  resemblance  between  its  teeth  and 
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the  teeth  of  the  Iguana ; and  it  is  a remarkable  circumstance 
that  they  are  more  or  less  worn  by  the  operation  of  grinding  its 
food,  which  shows  that  it  performed  mastication  in  the  same 
manner  as  the  herbivorous  quadrupeds  of  the  present  day.  It 
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is  generally  supposed  that  this  animal  was  shorter,  in  propor- 
tion to  its  bulk,  than  the  recent  lizards,  to  which  it  is  nearly 
allied ; but  even  with  this  supposition  it  appears  to  have  been 
fifty  or  more  feet  in  length,  and  eight  or  nine  in  height. 


THE  MOSOSAURHS. 


SKULL  OF  THE  MOSOSAURUS. 


The  remains  of  this  animal  were  discovered  by  Hoffman. 
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It  appears  to  have  formed  a link  between  the  monitors  and  the 
common  lizards.  A jaw  of  this  animal  measured  three  feel 
nine  inches,  and  hence  it  was  deduced  that  the  entire  length  of 
the  animal  was  about  four-and-twenty  feet.  Its  tail  was  much 
shorter  in  proportion  to  the  length  of  its  body  than  the  croco- 
dile, but  very  broad,  so  that  by  its  means  it  could  force  its  way 
through  the  most  stormy  waters.  It  has  no  relation  to  the 
crocodile  except  in  some  partial  characters,  and  the  bones  of  the 
hand  and  feet  have  led  to  the  supposition  that  it  possessed  a 
contracted  fin,  not  much  unlike  that  of  the  plesiosaurus, 

FOSSIL  BIRDS. 

The  hones  of  birds  are  less  frequently  found  in  a fossil  state 
than  those  of  other  classes  of  animals ; so  seldom  indeed  that 
some  persons  have  absolutely  denied  their  existence  in  that  con- 
dition. Baron  Cuvier  detected  and  described  at  least  eleven 
species  of  birds  obtained  in  the  gypsum  beds  of  Paris,  and  among 
them  a bone  which  seemed  to  identify  it  with  the  celebrated 
Egyptian  Ibis.  The  information,  however,  that  has  been  col- 
lected concerning  fossil  birds,  is  extremely  insufficient,  if  not 
uncertain. 

FOSSILISED  REMAINS  OF  MAMMALIA. 

The  remains  of  mammalia  have  not  been  found  in  any  bed 
below  the  chalk,  and  hence  it  has  been  supposed  that  they  did 
not  exist  until  the  period  immediately  preceding  the  deposition 
of  that  rock.  The  existence  of  fossilised  organic  remains  indis- 
putably proves  that  every  bed  in  which  they  occur  has  been,  at 
some  period,  the  supei-ficial  rock  ; for  whether  the  remains  are 
supposed  to  have  been  brought  from  a distance,  or  the  animals 
themselves  to  have  existed  on  the  spot,  it  is  certain  the  fossils 
could  not  have  been  disseminated  through  the  bed,  if  it  had  not 
been  uppermost.  When,  therefore,  the  remains  of  any  animals, 
or  class  of  animals,  are  found  in  some  beds  and  not  in  others, 
we  have  evidence  that  the  animals  or  the  class  only  existed 
during  the  period  in  which  the  beds  themselves  were  deposited. 
Admitting  the  truth  of  these  principles,  the  geologist  deduces  the 
non-existence  of  mammiferous  animals  previously  to  the  forma- 
tion of  chalk. 

Some  few  bones  of  individuals  of  the  human  race  have  been 
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found  in  beds  containing  fossils,  but  in  all  instances  there  is 
reason  to  believe  that  they  have  been  casually  introduced  at 
some  recent  period.  In  turf-bogs,  in  alluvial  deposits,  in  fissures 
of  rocks,  and  in  caves,  the  bony  structure  of  man  is  sometimes 
found,  but  in  no  instance  in  such  a position  as  w'arrants  the  sup- 
position that  the  human  race  was  contemporaneous  with  the 
palseotheria,  or  even  with  the  mammoth  and  rhinoceros.  It 
is  tnie  that  human  bones  were  found  in  some  of  the  caves  in 
France,  and  old  pottery  in  those  of  Germany;  but  there  is  much 
evidence  in  favour  of  the  supposition  that  they  are  of  recent 
date,  and  cannot  claim  the  same  antiquity  as  we  are  compelled 
to  give  to  the  animal  remains  usually  found  in  such  situations. 
And  yet  there  is  nothing  in  the  composition  of  the  human  bone 
to  prevent  its  preservation ; there  is  no  principle  of  premature 
decomposition  in  its  construction.  The  bones  of  men  are  equally 
as  well  preserved  in  ancient  sites  of  combat  as  those  of  the  horse, 
and  yet  only  the  latter  are  found  in  a fossil  state.  F rom  these  facts 
it  may  be  deduced  that  the  human  race  did  not  exist  at  the  same 
time  with  these  animals,  in  places  which  the  geologist  has  had 
an  opportunity  of  examining.  It  is  nevertheless  possible  that 
future  inquiries  in  other  countries  may  detect  the  presence  of 
fossilised  relics  of  man  associated  with  the  animals  whose  bones 
are  found  in  the  gravels  and  caves  of  Europe.  It  may  also  be 
mentioned  that  but  few  remains  of  monkeys, — the  race  which 
ranks  next  to  man  in  anatomical  construction, — have  hitherto 
been  discovered,  although  the  bones  of  animals  which  now 
inhabit  the  same  woods  with  them  are  found  in  abundance. 

For  the  knowledge  that  has  been  collected, in  reference  to  the 
nature  of  the  mammiferous  quadrupeds,  we  are  chiefly  indebted 
to  the  laborious  researches  of  the  late  Baron  Cuvier.  There  is 
a series  of  recent  beds  of  gypsum,  which  occur  in  detached  hills 
along  the  course  of  the  rivers  Marne  and  Seine,  in  wliich  a 
number  of  bones  have  been  found.  The  greater  part  of  these 
belong  to  that  order  of  animals  which  Cuvier  has  called  the 
Pachydermata,  or  thick-skinned  non-ruminant  animals ; but  all 
the  species  and  many  of  the  genera  are  extinct.  There  is  one 
which  may  be  particularly  mentioned,  called  the  palsBotherium, 
an  animal  that  had  some  points  of  resemblance  to  the  rhino- 
ceros, the  hippopotamus,  the  horse,  the  camel,  and  the  pig. 
The  remains  of  eleven  or  twelve  species  have  been  found,  the 
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largest  being  about  the  size  of  a horse,  the  smallest  not  larger 
than  a hare ; but  they  all  had  fleshy  trunks  like  the  tapirs, 
and  lived  on  vegetables. 

The  anoplotherium  is  another  exinct  animal,  and  has  two 
remarkable  characters : the  feet  have  only  two  toes,  and  the 
teeth  are  a continued  series,  without  any  intervening  gap,  which, 
except  in  this  instance,  is  only  observed  in  man. 

In  the  superficial  gravel-beds,  and  in  some  caves,  a large 
number  of  the  bones  of  mammiferous  quadrupeds  have  been 
found,  belonging  to  both  existing  and  recent  genera ; but  in 
nearly  all  those  instances  where  recent  genera  are  found,  the 
species  are  observed  to  be  distinct  from  those  now  existing.  A 
large  number  of  the  bones  of  hyaenas,  for  example,  have  been 
collected  in  the  caves  of  Germany,  as  well  as  in  the  cave  of 
Kirkdale  ; but  Cuvier,  after  carefully  examining  them,  could 
not  detect  the  existing  species,  though  the  animal  had  evidently 
all  the  habits  which  it  is  known  to  possess  in  the  present  day. 

The  fossil  elephant,  or  mammotli,  wns  a most  remarkable 
herbivorous  quadruped,  and  attained  an  immense  size.  Judging 
from  the  number  of  bones  which  have  been  found  in  Europe 
and  in  America,  it  must  have  existed  in  herds  of  thousands. 
In  very  many  of  the  gravel-beds  in  the  valleys  of  our  own 
country  the  bones  of  the  mammoth  have  been  discovered.  It 
has,  however,  fortunately  happened  that  an  entire  specimen  of 
one  of  these  animals  was  preserved  in  the  ice  of  the  northern 
regions.  “ In  1799,  a Tongoose  fisherman  observed  on  the 
borders  of  the  icy  sea,  near  the  mouth  of  the  Neva,  in  the 
midst  of  the  fragments  of  ice,  a shapeless  mass  of  something, 
the  nature  of  which  he  could  not  conjecture.  The  next  year 
he  observed  that  this  mass  was  a little  more  disengaged.  To- 
wards the  end  of  the  following  summer,  the  entire  side  of  the 
animal  and  one  of  the  tusks  became  distinctly  visible.  In  the 
fifth  year,  the  ice  being  melted  earlier  than  usual,  this  enor- 
mous mass  was  cast  on  the  coast,  upon  a bank  of  sand.  The 
fisherman  possessed  himself  of  the  tusks,  w'hich  he  sold  for  fifty 
rubles.  Two  yeai’s  afterwards,  Mr.  Adams,  Associate  of  the 
Academy  of  St.  Petersbugh,  w'ho  was  travelling  with  Count 
Gobovkin,  on  an  embassy  to  China,  having  heard  of  this  dis- 
covery at  Yakutsk,  repaired  immediately  to  the  spot.  He  found 
the  animal  greatly  mutilated,  but  the  skeleton  was  entire,  with 
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the  exception  of  a fore-leg.  The  neck  was  furnished  with  a 
long  mane.  The  skin  was  covered  with  black  hairs,  and  with 
a reddish  sort  of  wool.  The  remains  were  so  heavy  that  ten 
persons  had  much  difficulty  in  removing  them.  More  than 
thirty  pounds  weight  of  hair  and  bristles  were  carried  away, 
which  had  been  sunk  into  the  humid  soil  by  the  white  bears, 
when  devouring  the  flesh.  The  tusks  were  nine  feet  long,  and 
the  head,  without  the  tusks,  weighed  four  hundred  pounds.” 

The  mammoth  bears  a close  resemblance  to  the  Indian  ele- 
phant, but  Cuvier  considered  it  a distinct  species.  The  height 
of  the  animal  was  from  fifteen  to  eighteen  feet,  and  it  must  at 
one  period  have  existed  in  Europe,  with  the  hippopotamus, 
rhinoceros,  tapir,  and  other  gigantic  animals,  whose  bones  are 
found  in  the  same  deposits. 

DILUVIAN  ACTION. 

It  is  commonly  believed,  by  all  those  who  have  not  studied 
the  physical  constitution  of  the  globe,  that  the  deposition  of 
organic  remains  in  the  solid  strata  is  attributable  to  a universal 
deluge ; but  this  opinion  is  exceedingly  erroneous ; for  the 
various  beds  which  together  form  the  crust  of  the  globe  have 
been  produced  at  different  times  and  under  different  circum- 
stances. It  is  not  improbable,  however,  that,  after  the  forma- 
tion of  all  these  beds,  the  earth  was  overwhelmed  by  water, 
or,  according  to  some,  a succession  of  deluges  passed  over 
the  surface.  The  effects  of  this  diluvian  action  may  be  con- 
sidered under  the  following  heads : — the  destruction  of  pre- 
existing rocks,  and  deposition  of  gravel ; the  transport  of  large 
stones  from  their  parent  beds  ; the  formation  of  caves,  and  the 
scooping  out  of  valleys. 

SUPERFICIAL  GRAVELS 

It  is  well  known  that  many  districts  in  this  country  are 
covered  by  beds  of  gravel,  which  consist  of  fragments  of  rock 
and  rounded  pebbles.  These  fragments  and  pebbles  will  be 
found,  if  examined,  to  consist  in  many  places  of  rocks  which 
are  not  to  be  obtained  in  the  neighbourhood  where  the  gravel  is 
deposited.  In  many  districts  of  the  midland  counties  of  Eng- 
land, a nearly  complete  suite  of  rocks  might  be  collected  from 
the  gravel,  and  must  therefore  have  been  carried  from  various, 
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and  some  from  very  considerable  distances.  Mr.  Phillips, 
speaking  of  the  superficial  gravel  in  Holderness,  on  the  coast 
of  Yorkshire,  says : — “ The  rocks  from  which  the  fragments 
appear  to  have  been  transported,  are  found,  some  in  Norway, 
in  the  Highlands  of  Scotland,  and  in  the  moutains  of  Cumber- 
land ; others  in  the  western  and  north-western  parts  of  York- 
shire ; and  no  inconsiderable  portion  appears  to  have  come  from 
the  sea-coast  of  Durham  and  neighbourhood  of  Whitby.  In 
proportion  to  the  distance  they  have  travelled  is  the  degree  of 
roundness  they  have  acquired.” 

The  distribution  of  these  fragments  of  rocks  could  only  have 
been  effected  by  a vast  body  of  water.  From  the  facts  that 
have  been  gathered  by  geologists,  it  appears  that  it  took  a direc- 
tion from  north  to  south,  over  the  British  Isles,  and,  according 
to  Mr.  Phillips’  statement,  transported  fragments  from  Norway. 
In  this  course  it  was  modified  by  hills  and  mountain  ranges, 
which  probably  divided  the  body  of  water,  and  caused  the 
many  irregularities  which  are  to  be  observed  in  the  deposition 

of  the  gravel- 


Lj 


beds. 


a BED  OF  gkavel;  h 6,  strata  scooped  out  by  thh 

ACTION  OF  WATER. 


In  pass- 
ing over  the 
surface  of  rocks 
it  scooped  out 
various  cavities; 
and  in  nearly 
all  places  where 


the  transported 
gravel  occurs 

this  furrowed  appearance  may  be  observed,  particularly  in  the 
chalk  districts  of  Kent. 


KOULDE'IS. 

The  action  of  the  diluvian  current  was  not  confined  to  the 
transport  of  the  small  fragments  which  constitute  beds  of 
gravel,  but  in  many  places  large  masses  of  rolled  stones,  or 
boulders,  are  found,  which,  having  been  torn  away  from  their 
parent  rocks,  were  carried  to  a distance  by  the  force  of  the 
overwhelming  waters.  Near  Hayton  Castle,  in  Cumberland, 
there  is  a spheroidal  mass  of  granite,  ten  feet  and  a half  in 
diameter,  and  more  than  four  feet  high ; and  at  High  Peak,  in 
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Derbyshire,  there  is  another  which  is  twenty-one  feet  long,  ten 
feet  high,  and  nine  feet  wide.  The  granite  boulder,  near  Hay- 
ton  Castle,  is  supposed  to  have  been  brought  from  the  Criffel 
mountain,  in  Dumfries-shire.  As  early  as  the  year  1740,  Ehr- 
hart  had  traced  to  the  Tyrol  the  granite  blocks  found  in  the 
country  situated  between  the  Alps  and  the  Danube  ; and  Von 
Buch  ascribed  those  found  in  the  north  of  Germany  to  Norway. 
Throughout  the  whole  of  Staffordshire,  Cheshire,  and  Shrop- 
shire, these  blocks  are  distributed,  and  many  of  them  are  sup- 
posed to  have  been  brought  from  the  Cambrian  hills. 

We  have  already  stated  that  there  is  evidence  of  the  passage 
of  a body  of  water  from  north  to  south  over  the  British  Isles, 
and  that  evidence  is  strengthened  by  the  positions  of  the  trans- 
ported masses.  “ But  if,”  says  Mr.  De  la  Beche,  “ the  supposi- 
tion of  a mass  of  waters  having  passed  over  Britain  be  founded 
on  probability,  the  evidence  of  such  a passage  or  passages  should 
be  found  in  the  neighbouring  continents  of  Europe,  and  the 
general  direction  of  the  transported  masses  should  be  the  same. 
Now  this  is  precisely  what  we  do  find.  In  Sweden  and  Russia 
large  blocks  of  rock  occur  in  great  numbers,  and  no  doubt  can 
be  entertained  that  they  have  been  transported  southward  from 
the  north.” 

BONE  CAVERNS. 

It  is  exceedingly  difficult  to  determine  when  the  bone  caves 
which  are  so  frequently  found  in  rocks,  and  particularly  in 
limestone,  were  formed ; but  the  probability  is,  that  they  were 
excavated  at  various  times,  and  under  different  circumstances. 
It  is  not,  however,  so  much  our  object  to  speak  of  the  caves 
themselves  as  of  the  bones  which  are  so  frequently  found  in 
them ; though  it  must  be  at  the  same  time  stated,  that  these 
remains  were,  in  all  probability,  brought  into  their  present 
situations  at  a period  not  long  subsequent  to  the  formation  of 
the  caves  themselves. 

The  existence  of  bones  in  caverns  has  been  long  known,  and 
they  have  always  been  viewed  with  much  curiosity.  The 
limestone  caves  of  Germany  and  Hungary,  in  particular,  have 
been  celebrated  for  the  quantity  of  bones  and  teeth  of  carni- 
vorous animals  which  they  contain.  The  bones  which  are  most 
numerous  are  those  of  the  bear  and  the  hyaena,  the  former  being 
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a species  as  large  as  the  horse,  and  the  hysena  often  one-third 
larger  than  any  existing  species.  There  are,  however,  mingled 
with  these,  the  bones  of  tigers,  wolves,  foxes,  and  other  animals, 
none  of  which  are  petrified  or  rounded  by  rolling. 

Some  of  the  early  accounts  of  these  caves  and  their  contents 
are  very  singular.  Dr.  Ebroeus  describes  one  situated  in  the 
Lower  Hartz,  in  the  county  of  Holinstein,  called  by  the  country 
people  Dwarf’s  Hole.  “ Here,”  he  says,  “ are  found  the  skulls, 
jaw-bones,  shoulder-blades,  back-bones,  ribs,  teeth,  thigh-bones, 
and  all  other  bones  of  men  and  beasts ; and  there  are  some  like 
an  unshapen  mass  or  lump  of  stone,  having  no  resemblance  to 
any  bone  at  all.”  Such  is  the  indefinite  and  absurd  character 
of  the  accounts  given  by  early  writers  of  the  bones  found  in 
limestone  caves.  Professor  Buckland  commenced  the  philo- 
sophical investigation  of  the  organic  remains  of  bone-caverns  by 
the  examination  of  that  of  Kirkdale  in  Y orkshire.  Since  the 
publication  of  his  large  work  “ Reliquse  Diluvianse,”  the  subject 
has  acquired  a new  interest.  Many  geologists  have  been  actively 
engaged  in  the  investigation ; and,  although  the  information  that 
has  been  acquired  cannot  be  considered  satisfactory,  it  may  be 
hoped  that  the  time  is  not  veiy  distant  when  the  efforts  that 
have  been  made  will  be  attended  with  entire  success. 

Kirkdale  cave  is  situated  between  Helmsley  and  Kirby 
Moorside,  about  twenty-five  miles  from  York.  It  was  dis- 
covered in  the  summer  of  1821,  while  cutting  a quarry,  and 
was  visited  by  Professor  Buckland  in  December  of  the  same 
year.  Its  greatest  length  is  about  two  hundred  and  forty-five 
feet;  but  it  is  so  low  that  there  are  only  a few  places  where  a 
man  can  stand  erect.  A bed  of  soft  mud  entirely  covers  the 
floor  of  the  cave,  and  beneath  this  the  bones  are  found.  The 
whole  of  the  bottom  of  the  cave,  from  one  end  to  the  other,  was 
strewed  with  teeth  and  bones,  presenting  an  appearance  like 
that  of  a dog’s  kennel.  The  greatest  quantity  were  found  at 
the  mouth  of  the  cavern,  but  in  all  places  the  bones  of  both 
large  and  small  animals  were  mingled  together. 

The  remains  of  twenty-three  species  of  animals  were  dis- 
covered in  the  Kirkdale  cavern ; the  hyaena,  tiger,  bear,  wolf, 
fox,  and  weasel;  the  elephant,  rhinoceros,  hippopotamus,  and 
horse ; the  ox  and  three  species  of  deer ; the  hare,  rabbit, 
water-rat,  and  mouse ; the  raven,  pigeon,  lark,  snipe,  and  a 
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small  species  of  duck.  Nearly  all  these  bones  presented  a 
fractured  and  gnawed  appearance,  and  except  teeth  and  some 
hard  and  solid  hones,  none  were  found  perfect ; but  there  were 
some  fragments  of  jaw-hones  belonging  to  the  deer,  hyaena,  and 
water-rat,  which  contained  their  teeth,  and  were  in  a state  of 
good  preservation. 

From  the  gnawed  and  fractured  state  of  the  hones,  the  manner 
in  which  they  were  strewed  over  the  floor  of  the  cave,  and  the 
great  abundance  of  hyaenas’ teeth  over  all  others,  Dr.  Buckland 
infers  that  the  cavern  was  the  den  of  hyaenas  for  a long  succes- 
sion of  years,  and  that  the  hones  of  other  animals  are  the  remams 
of  those  bodies  which  they  dragged  into  the  cave  for  food. 
During  this  time  there  was,  as  the  Doctor  supposes,  an  irruption 
of  muddy  water,  which  deposited  the  bed  that  now  covers  the 
floor  of  the  cavern  and  preserved  the  hones  from  that  destruction 
which  would  have  resulted  from  their  exposure  to  the  air. 
Many  of  the  bones  were  found  to  be  polished  on  one  side,  while 
the  otlier  remained  rough,  which  is  attributed  to  the  friction 
produced  by  the  animals  walking  or  rubbing  themselves  upon 
the  exposed  surface.  How  many  hyaenas  have  existed  in  this 
cavern  cannot  he  very  readily  determined,  but  there  is  evidence, 
it  is  said,  of  at  least  two  or  three  hundred.  The  supposition 
that  the  Kirkdale  cave  was  the  den  of  hyaenas  is,  according  to 
the  opinion  of  the  Professor,  favoured  by  the  certainty  that 
these  animals  died  at  various  periods  of  lifej  for  wliile  some  of 
their  teeth  bear  marks  of  extreme  old  age,  being  abraded  to 
their  very  sockets  by  continual  gnawing,  there  are  others  which 
have  belonged  to  exceedingly  young  animals. 

The  German  caves  of  Gailenruth,  Kiihloch,  Scharzfeld,  and 
Baumanns  Hdlile,  contain  abundance  of  bones,  but  the  greater 
number  of  these  belong  to  two  extinct  species  of  bear.  Sir 
Philip  Egerton,  who  has  recently  visited  these  places,  states,  in 
a letter  to  Professor  Buckland,  that  bones  of  pigs,  birds,  dogs, 
foxes,  and  ruminantia  were  found  in  all  the  caves  he  visited, 
and,  what  is  still  more  remarkable,  old  coins  and  iron  house- 
hold implements  of  most  ancient  and  uncouth  forms  in  that  of 
Rabenstein.  This  discovery  seems  to  throw  an  additional  interest 
over  the  existence  of  bones  in  caves,  and  especially  when  con- 
nected with  the  fact  that  the  remains  of  man  have  been  found 
in  the  South  of  France  mingled  with  the  bones  of  the  extinct 
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rhinoceros  and  other  animals.  It  may,  even  in  the  present 
state  of  our  knowledge,  be  deduced  that  the  bones  of  all  caves 
have  not  been  carried  to  their  present  situation  at  the  same 
period  or  by  a universal  cause ; but  we  cannot  expect  to  gain 
much  additional  information  until  travellers  pay  some  attention 
to  the  condition  of  the  country  around  the  caves  they  visit,  as 
well  as  to  the  collection  of  bones.  If  we  possessed  as  full  and 
accurate  accounts  of  the  many  bone-cavems  whose  names  we 
know,  as  Mr.  De  la  Beche  has  given  of  that  of  Plymouth,  there 
would  be  little  difficulty  in  determining  their  eras.  “ At  Oreston 
quarries,  Plymouth,  clefts  and  caverns  in  limestone  rocks  have 
afforded  numerous  remains  of  the  elephant,  rhinoceros,  bear, 
ox,  horse,  deer,  and  other  animals,  buried,  more  particularly  in 
the  case  of  clefts,  beneath  considerable  angular  masses  and 
smaller  fragments  of  limestone.  In  one  instance  which  I noticed, 
the  animal  remains  occurred  beneath  ninety  feet  of  such  accu- 
mulations, the  bones  and  teeth  being  confined  to  a black  clay 
under  the  fragments.  The  remains  of  bears,  rhinoceroses, 
hysenas,  and  other  animals  contained  in  the  celebrated  Kent’s 
Hole,  near  Torquay,  belong  to  the  same  district.  In  the  super- 
ficial gravel  of  this  part  of  the  country,  the  remains  of  animals 
of  the  same  kind  as  those  detected  in  the  caverns  have  not  yet 
been  discovered  ; but  if  we  continue  our  researches  eastward, 
we  shall  find  them  in  the  valleys  of  Charmouth  and  Lyme ; 
thus,  apparently,  giving  these  remains  of  elephants  and  rhi- 
noceroses the  same  relative  antiquity  as  those  beneath  fragments 
in  tlie  clefts  of  rocks  near  Plymouth,  and  probably  also  as  those 
contained  in  the  caverns  at  the  same  place,  and  at  Kent’s  Hole. 
It  w'ill  be  remarked  that  the  animal  remains  which  seem  to 
imply  a warmer  climate  existing  at  that  time  than  at  present, 
occur  in  low  grounds,  fissures,  and  caves.  Upon  the  former  they 
may  have  lived,  and  into  the  two  latter  they  may  have  either 
fallen,  or  been  dragged  by  beasts  of  prey  ; the  elephants  pro- 
bably brow'sing  on  branches  and  herbage,  the  rhinoceros  pre- 
ferring low  grounds,  the  bears  and  hyaenas  inhabiting  caves,  and 
the  deer,  the  ox,  and  the  horse  ranging  through  the  forest  and 
the  plain ; all  which  supposes  land  fitted  for  them,  and  there- 
fore hill  and  dale.  Consequently  valleys  were  scooped  out  pre- 
viously to  the  existence  of  the  elephants;  and  if  a mass  of  water 
acted  on  the  land  destroying  these  animals,  it  must  have  been 
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influenced  in  its  direction  by  the  previously  existing  inequalities 
of  surface.”  This  remark  leads  us  at  once  to  make  a few  ob- 
servations on  the  formation  of  valleys,  as  a fourth  result  of 
diluvian  action. 


FORMATION  OP  VALLEYS. 

All  valleys  have  not  been  formed  in  the  same  way  : some 
are  due  to  the  elevation  and  some  to  the  depression  of  the  strata 
which  compose  the  adjacent  hills,  and  others  to  partial  slips  or 
dislocations  of  rocks.  To  these  we  need  not  refer  in  the  fol- 
lowing remarks,  for  the  statements  already  made,  in  relation 
to  stratification  and  its  disturbance,  must  have  suggested  the 
thought  that  valleys  were  produced  by  the  unequal  elevation 
and  depression  of  the  mineral  masses. 

But  there  are  valleys  which  have  been  produced  by  water. 
Some  geologists  suppose  that  they  were  caused  by  the  action  of 
rivers  and  the  bursting  of  lakes,  while  others  attribute  them  to 
the  irresistible  force  of  a vast  diluvian  current,  which,  sweeping 
over  the  surface,  scooped  out  these  channels  for  the  passage  of  its 
waters.  The  dispute  between  the  advocates  of  the  two  theories 
was  once  more  violent  than  philosophical ; but  each  party  has 
now  probably  seen  that  both  theories  may  be  true  in  particular 
instances.  W e cannot  understand  how  tlie  action  of  a river  or  the 
bursting  of  a lake  could  have  produced  many  of  the  valleys  in 
our  own  country ; but  it  is  probable  that  the  ravines  and 
gorges,  or,  in  other  words,  the  narrow  defiles  which,  bounded 
by  perpendicular  walls  of  rock,  communicate  between  more 
open  spaces,  may  have  been  produced  by  these  causes. 

The  valleys  that  have  resulted  from  the  action  of  water  have 
been  divided  into  two  classes,  valleys  of  elevation  and  valleys 
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of  denudation  : the  one  resulting  from  the  combined  action  of 
subterranean  and  aqueous  causes,  the  other  from  the  action  of 
water  alone. 
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The  valleys  of  elevation  were  formed  the  fracture  and 
upheaving  of  strata,  and  the  subsequent  removal  of  the  disin- 
tegrated parts  by  water.  In  all  the  valleys  of  this  description, 
as  may  be  readily  observed,  the  strata,  though  once  continuous, 
are  upheaved,  and  by  the  removal  of  the  point  where  the  strata 
met,  the  valley  is  formed. 

Valleys  of  denudation  are  those  which  have  been  produced 
by  the  action  of  vast  bodies  of  water  at  a period  subsequent  to 
the  deposition  of  the  most  recent  of  the  ancient  rocks.  This 
fact  is  proved  by  the  undisturbed  position  of  the  beds  on  each 
side  of  the  valley.  The  rock  found  at  the  mouth  of  the  Seine 
is  covered  by  green  sand,  to  the  exclusion  of  many  beds  which 
usually  intervene  between  them,  and  the  same  irregularity 
occurs  in  the  opposite  coast  of  Lyme ; from  which  it  may  be 
deduced  that  these  two  places  were  once  united.  So  on  a smaller 
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scale  it  will  be  observed  that  many  of  the  valleys  in  Devon, 
Dorset  and  Kent,  and  more  or  less  in  those  found  in  all  other 
counties  and  districts,  have  the  same  beds  on  each  side,  and 
generally  in  such  a direction  that  a line  carried  from  one  side 
to  another  would  be  in  the  plane  of  the  stratification.  “ If 
a person  were  to  see,”  says  Mr.  Calcott,  “ tlie  broken  walls 
of  a palace  or  a castle  that  had  been  in  part  demolished, 
he  would  trace  tire  lines  in  which  the  walls  had  been  carried, 
and  in  thought  fill  up  the  breaches  and  re-unite  the  whole. 
In  the  same  manner,  when  we  view  the  naked  ends  and  broken 
edges  of  strata  on  one  side  of  a valley,  and  compare  them  with 
their  corresponding  ends  on  the  other,  we  cannot  but  per- 
ceive that  the  intermediate  space  was  once  filled  up,  and  the 
strata  continued  from  mountain  to  mountain.”  Such  effects, 
we  think,  can  only  be  attributed  to  the  action  of  moving  floods 
of  water,  and  these  of  the  most  impetuous  character ; and  it 
may  be  remarked  that,  while  they  acted  upon  the  surface  of 
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rocks,  breaking  dow'n  everj'^  impediment,  they  transported  boul- 
ders, and  accumulated  the  components  of  the  superficial  gravel. 

It  will  then  appear,  if  the  statements  and  deductions  ad- 
vanced in  the  preceding  pages  be  admitted,  that  the  crust  of  the 
earth  has  been  formed  by  a succession  of  causes  differing  from 
each  other  in  character  as  well  as  in  intensity.  The  condition 
of  the  earth,  when  it  proceeded  from  the  hands  of  the  Creator, 
and  was  thrown  into  space  to  perform  it  ceaseless  revolution 
round  the  orb  of  day,  geology  does  not  pretend  to  determine  ; 
nor  does  it  assert,  that  any  of  the  rocks  which  now  compose  its 
crust  formed,  in  their  present  condition,  a part  of  the  primordial 
mass.  But  there  is  abundant  evidence  to  prove  that  the  present 
arrangement  of  rocks  is  not  that  ■which  they  had  at  the  begin- 
ning. The  agents  of  destruction  and  decomposition  are  every- 
where active ; and  from  the  very  constitution  of  matter  it  may 
be  deduced  that  their  agency  must  have  been  influential  from 
that  instant  when  the  particles  of  matter  were  united  together ; 
and  consequently  we  may  expect  to  find  the  effects  of  these 
causes  on  the  surface  of  the  earth  itself.  Observation  proves 
that  the  expectation  founded  on  the  consideration  of  present 
causes  is  not  fallacious  ; for  the  rocks  which  compose  the  crust 
of  the  earth  bear  evidence  of  the  variety  of  causes  which  have 
acted  upon  them.  But  this  evidence  is  not  confined  to  the  con- 
stitution of  the  beds  themselves,  for  we  may  deduce  many  facts, 
as  to  the  condition  of  the  earth  at  distinct  periods,  from  the 
nature  and  condition  of  the  organic  remains  which  are  found  in 
the  several  deposits. 

The  effect  of  water,  in  abrading  and  destroying  rocks,  will  be 
best  understood  by  an  examination  of  the  vast  deposits  of  clay, 
sand,  and  gravel,  found  in  rivers,  seas,  and  oceans,  differing  in 
no  respect  from  the  beds  of  the  same  nature  known  to  constitute 
in  part  the  crust  of  the  earth.  The  aqueous  causes  which  now- 
act  upon  the  surface  of  the  earth  differ  from  those  w-liich  pro- 
duced rocks  in  no  other  circumstance  than  in  their  want  of 
intensity;  the  greater  energy  of  the  destroying  agents  at  former 
periods  depending  upon  the  peculiar  physical  constitution  of 
the  earth. 

The  relative  positions  and  superficial  extent  of  land  and 
water  have  been  constantly  changing,  not  slowly  and  imper- 
ceptibly, as  in  the  present  day,  but  by  the  activity  of  causes  the 
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effects  of  which  have  been  almost  instantaneous,  upheaving  the 
bed  of  the  ocean  and  deluging  the  dry  lands.  In  some  instances 
the  cause,  and  consequently  the  effect,  has  been  local ; but  at 
certain  periods  there  was  probably  a universal  convulsive 
movement  of  the  entire  crust  of  the  earth,  when  element  war- 
ring with  element  involved  all  nature  in  one  general  ruin.  The 
distorted  and  shattered  condition  of  some  rocks  assures  us  of  the 
truth  of  this  statement.  The  hardest  minerals  have  been  melted 
by  the  intensit}'^  of  the  heat;  while  the  vapours  which  have  been 
generated  have  torn  asunder  the  mightiest  masses,  and  afforded 
an  exit  to  the  melted  rocks. 

It  must  never  be  forgotten  that  the  ultimate  object  of  geo- 
logy is  to  gain  some  information  concerning  the  formation  of 
the  earth,  the  causes  employed,  the  circumstances  under  which 
these  causes  acted,  and  the  physical  condition  of  districts  at 
each  successive  period  of  its  existence.  To  gain  this  knowledge 
we  trace  the  superposition  of  rocks,  the  changes  which  have 
occurred,  and  the  organic  remains  they  contain.  The  facts  which 
geologists  have  discovered  are  therefore  only  the  rudiments  of 
their  science,  the  principles  to  which  the  process  of  induction 
must  be  applied. 

TEMPERATURE  OF  THE  INTERIOR  OF  THE  EARTH. 

There  are  many  circumstances  which  induce  us  to  believe 
that  the  interior  of  the  earth  has  a much  higher  temperature 
than  its  surface.  From  the  experiments  of  Professor  Mitcher- 
litch  and  others,  we  learn  that  mineral  substances  may  be  made 
to  assume  a crystalline  form  when  cooled  from  a state  of  fusion ; 
and  this  result,  connected  with  other  facts,  proves  that  many 
of  the  crystalline  rocks  were  produced  by  the  agency  of  fire. 
The  existence  of  more  than  two  hundred  active  volcanoes 
affords  evidence  that  there  is  an  intense  internal  heat ; and  the 
lavas  they  eject  are  so  analogous  in  appearance  and  composition 
to  certain  of  the  trap  rocks,  that  it  is  not  possible  to  deny  them 
an  identity  of  origin.  These  observations  have  compelled 
geologists,  in  spite  of  early  prejudices,  to  admit  the  agency  of 
fire  in  the  production  of  some  rocks,  and  in  the  modification  of 
the  present  state  of  the  earth’s  crust.  We  should  not  perhaps 
greatly  err  from  the  truth,  were  we  to  state  that  all  the  causes 
which  are  now  instrumental  in  producing  a change  in  the 
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relations  of  land  and  water  have  always  been  active,  and  at 
former  periods  produced  much  more  violent  effects  than  they 
do  at  the  present  time.  However  disastrous  and  sudden  may 
be  the  changes  which  occasionally  affect  certain  districts,  these 
effects  are  doubtless  hut  trifling,  when  compared  with  those 
which  were  not  of  unfrequent  occurrence  during  the  formation 
of  the  earth’s  crust.  This  remark  is  as  true  in  relation  to  the 
agency  of  fire  as  to  that  of  water. 

[An  ingenious  theory,  or  rather  hypothesis,  has  been  ad- 
vanced in  astronomy,  and  advocated  by  cosmogonists,  that  the 
now  solid  planetary  bodies  were  once  in  a state  of  gaseous  fusion 
as  nebulous  matter,  and  were  gradually  condensed  into  their  pre- 
sent state.  The  figure  of  the  earth,  which  is  an  oblate  spheroid, 
has  been  appealed  to  in  support  of  this  theory ; as  a liquid 
body,  subjected  to  the  conjoint  action  of  gravity  and  a rotatory 
projecting  impulse,  would  assume  such  a form.  The  figure  of 
Jupiter  is  consistent  with  this  theory.  If,  then,  the  earth  has 
passed  through  a fluid  state,  the  cause  of  such  fluidity  appears 
closely  connected  with  heat ; as  an  examination  of  the  tempera- 
ture of  the  earth’s  crust  at  various  depths  shows  that  the  tem- 
perature below  the  cooled  surface  increases  on  descending,  and 
that  at  great  depths  there  is  still  existing  a vast  reservoir  of  in- 
ternal heat.] 

The  appearances  that  are  presented  by  rocks  in  almost  all 
countries  strongly  support  the  supposition  that  the  interior  of 
the  earth  has  a much  higher  temperature  than  its  superficies, 
though  it  may  have  been  long  and  is  still  decreasing.  We  are 
not  yet  able  to  assert  this  as  the  result  of  experiment,  but 
from  the  observations  that  have  been  made  upon  the  tempera- 
ture of  mines,  it  is,  we  think,  quite  certain  that  the  heat 
increases  from  the  surface  downwards.  There  are,  however, 
many  difficulties  connected  with  the  investigation  of  this  subject; 
and  the  sources  of  error  which  affect  the  results  .of  all  the 
experiments  that  have  been  made,  lead  many  persons  to  believe 
that  the  comparatively  high  temperature  of  mines  and  other 
excavations  may  be  traced  to  local  causes,  independent  of  any 
increase  of  internal  heat.  It  is  true  that  the  breath  of  the 
miner,  and  the  heat  given  out  by  the  lamps,  as  vrell  as  by  the 
explosion  of  gunpow'der,  are  calculated  to  raise  the  temperature 
of  mines,  and  to  vitiate  the  results  obtained  by  experiment. 
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But  the  errors  thus  produced  are  in  some  measure  corrected  by 
the  circulation  of  cold  air  through  the  galleries  of  the  mine ; 
for  as  one  mass  of  air  becomes  heated  it  expands,  and  escap- 
ing, is  replaced  by  cold  air,  which  rushes  in.  Now  whether 
experiment  be  made  upon  the  temperature  of  the  air,  or 
of  the  water  in  the  mine,  or  of  the  rocks  themselves,  the 
effects  of  these  disturbing  causes  must  be  estimated.  Some 
geologists,  however,  attribute  the  increased  temperature  of 
mines  and  other  excavations  entirely  to  these  local  causes. 
There  is  something  like  an  unwarrantable  scepticism  in  this 
opinion ; for  admitting  and  allowing  for  the  influence  of  these 
deranging  causes,  there  is  evidently  a resultant  which  increases 
with  the  depth,  and  can  be  only  attributed  to  an  increasing 
interior  temperature.  About  three  hundred  observations  had 
been  made  in  various  countries  previously  to  the  year  1827,  at 
depths  varying  from  127  to  1700  feet,  the  results  of  which 
have  been  combined  by  M.  Cordier ; and  they  sevei-ally  lead 
to  the  same  conclusion, — a subterranean  temperature  increasing 
with  the  depth.  M.  Cordier  has  endeavoured  to  allow  for  the 
errors  to  which  these  experiments  were  liable,  and  has  probably 
approximated  to  the  truth,  although  the  difficulties  connected 
with  the  investigation  are  undeniably  greater  than  might  at 
first  be  imagined.  If  the  temperature  of  the  water  found  in 
mines  be  taken  as  a criterion  of  the  temperature  of  the  depth 
at  which  it  is  obtained,  it  will  be  necessary  for  the  observer  to 
consider  whether  it  came  from  above  or  below  its  present 
situation,  and  to  allow  for  the  heat  it  received  or  gave  out  in 
passing  through  rocks.  If  the  temjjerature  of  the  rock  itself 
be  taken  into  account,  an  allowance  should  be  made  for  the 
contact  of  the  air,  and  of  the  water  that  percolates  through  it. 
After  estimating  the  value  of  these  as  nearly  as  possible,  M. 
Cordier  deduces  from  the  experiments  generally,  and  from  his 
own  in  particular,  a series  of  interesting  and  important  principles. 

It  appears,  then,  that  there  is  an  increase  of  temperature 
according  to  the  depth  from  the  surface  of  the  earth ; an  increase 
which  is  not  at  all  dependent  on  the  solar  rays,  but  belongs 
essentially  to  the  condition  of  the  mineral  components  of  the 
earth’s  body.  This  increase  of  subterranean  heat  in  proportion 
to  the  depth  does  not  follow  the  same  law  in  all  places,  for  in 
some  countries  the  ratio  between  the  depth  and  the  increase  of 
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temperature  is  much  greater  than  in  others.  From  experiments 
made  beneath  the  Observatory  of  Paris,  it  was  deduced,  that  at 
that  place  a depth  of  fifty-one  feet  corresponds  with  an  increase 
of  one  degree  of  heat ; from  which  it  would  follow,  admitting  a 
similar  continued  increase,  that  the  temperature  of  rocks,  at  a 
depth  under  the  city  of  Paris  of  about  a mile  and  a half,  is  equal 
to  that  of  boiling  water.  But  the  same  results  are  not  obtained 
in  all  places,  for  we  have  a variety  of  depths  as  the  index  of  an 
increase  of  one  degree  in  temperature,  varying  from  twenty- 
four  to  one  hundred  and  four  feet.  It  is  probable  that  the 
difference  between  the  increase  of  temperature  in  relation  to 
the  depth  at  different  places,  may  be  in  some  measure  attri- 
butable to  errors  coimected  with  the  experiments  themselves  ; 
but  it  is  not  wholly  referable  to  this  cause ; and  we  must  con- 
cede, after  estimating  every  error,  that  there  is  a certain  irre- 
gularity in  the  distribution  of  subterranean  heat  which  has 
no  constant  relation  to  the  latitudes  and  longitudes  of  j)laces. 
The  mean  increase  of  temperature  is  calculated  to  be  a degree 
for  every  forty -six  feet ; but  this  result  cannot  be  considered  as 
perfectly  accurate,  nor  is  it  possible  to  determine  whether  there 
be  any  lines  upon  which  the  depth  and  the  increase  of  tempiera- 
ture  would  have  a constant  ratio  to  one  another.  Many  other 
experiments  are  necessary ; and  they  should  be  made  not  only 
with  the  intention  of  ascertaming  the  ratio  between  the  increase 
of  temperature  and  the  depth  at  particular  places,  but  also  to 
fix  those  lines,  if  there  be  such,  upon  which  the  ratio  is  the 
same.  APe  may  hope  to  accomplish  this  desirable  object,  and 
it  will  be  the  duty  of  succeeding  ages  to  repeat  the  experiments, 
to  ascertain  whether  these  ratios  are  constant,  or  whether  they 
are  influenced  by  duration,  to  fix  their  relation  to  the  isody- 
namic zones,  and  to  the  line  of  no  variation.  With  the  most 
industrious  exertion  it  will  require  a considerable  time  to  solve 
these  interesting  problems,  for  we  have  as  yet  taken  but  the 
first  step  towards  the  investigation  of  the  subject.  Two  thmgs 
however  are  certainly  determined, — the  increased  subterranean 
temperature,  and  its  variation  of  amount  in  different  places. 

A simple  reliance  upon  these  facts,  without  an  allusion  to 
theory,  could  scarcely  be  expected  of  the  most  cautious  philo- 
sopher. Let  it  be  admitted  that  the  temperature  continues  to 
increase  from  the  surface  to  the  centre  of  the  earth  at  the  rate 
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of  one  degree  for  forty-six  feet,  and  it  follows  that  at  the  centre 
there  is  a temperature  equal  to  450,000°  of  Fahrenheit’s  scale  ; 
and  at  the  depth  of  about  sixty  miles,  there  is  a temperature 
sufficient  to  fuse  all  known  rocks.  These  deductions  are  believed 
by  some  philosophers,  while  others  are  unwilling  to  admit  them ; 
for  although  it  may  be  proved  that  subterranean  temperature 
does  increase  within  the  depth  to  which  examination  has 
extended,  limits  may  he  assigned  to  this  increase.  It  is  perhaps 
unwise  to  press  the  facts  to  which  we  have  alluded  Into  the 
service  of  any  particular  theory  ; but  at  the  same  time,  if  it  be 
true  that  the  interior  temperature  increases  proportionally  witli 
the  depth  in  all  those  places  in  which  experiments  have  been 
made,  it  will  be  difficult  to  assign  any  depth  at  which  there  is 
a maximum  temperature.  It  is  this,  in  all  probability,  that 
lias  led  M.  Cordier  and  others  to  believe  that  the  tempera- 
ture continues  to  increase  even  to  the  centre  of  the  earth,  though 
at  every  depth  it  is  by  the  progress  of  time  becoming  less,  from 
the  radiation  at  the  surface. 

It  is  no  new  doctrine  that  the  centre  of  the  earth  is  in  a state 
of  igneous  liquidity,  though  the  supposition  has  but  recently 
been  brought  within  the  range  of  experiment.  Some  of  the 
ancient  philosophers,  imagining  the  principle  we  call  heat  to 
have  a material  existence,  supposed  the  interior  of  the  earth 
to  receive  and  retain  a portion  of  the  solar  rays,  and  thus 
to  have  stored  up  a laboratory  of  calorific  matter  suited  to 
produce  those  phenomena  acknowledged  on  aU  hands  to  result 
from  a greatly  increased  temperature.  Other  persons  imagine 
the  earth  to  have  been  originally  in  a state  of  igneous  fluidity, 
but  that  in  proportion  to  the  decrease  of  surface  temperature, 
there  was  a condensation  of  aqueous  vapour  on  its  surface,  and 
oceans,  seas,  rivers,  and  lakes  were  consequently  produced,  with 
all  those  results  which  are  now  known  to  proceed  from  the 
motion  of  the  water.  To  account  for  the  primitive  intumes- 
cent  state  of  the  earth,  some  have  supposed  it  to  be  a part 
of  a comet  that  was  brought  in  the  course  of  its  wandering 
within  the  attractive  influence  of  the  sun,  by  whom  it  was 
enchained,  and  compelled  to  perform  an  undeviating  attendance 
around  him.  Others  have  fancied  that  it  must  be  a fragment 
from  the  body  of  the  sun  itself,  ejected  in  a liquid  and  ignited 
state.  La  Place,  the  celebrated  French  astronomer,  calculates 
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Its  history  from  a period  when  it  was  floating  in  space  as 
nebulous  matter,  having  no  gi'eater  consistence  than  the  morning 
cloud.  With  these  hypotheses  we  have  nothing  to  do.  They 
are  monuments  only  to  record  the  folly  of  great  minds  ; but  as 
they  are  without  foundation  they  cannot  long  exist,  even  to 
serve  as  warnings  to  future  adventurous  theorists. 

Having  shown  the  results  to  which  we  may  be  brought  by 
deductions  from  well-authenticated  experiments,  and  by  ima- 
gination unrestrained  by  philosophy,  it  will  not  be  undesirable 
to  ascertain  what  may  be  gathered  from  some  of  those  prin- 
ciples which  philosophers  universally  admit  as  true.  Whatever 
opinion  may  be  entertained,  concerning  the  igneous  liquidity  of 
the  interior  of  the  earth,  there  can  be  no  reasonable  doubt, 
admitting  the  truth  of  the  laws  of  gravitation,  that  there  is  an 
increasing  subterranean  temperature.  Now  it  has  been  proved, 
in  a former  chapter,  that  atmospheric  air  has  different  densities, 
dependent  on  the  pressure  to  which  it  is  subjected  and  the  force 
of  gravitation ; and  as  air  has  a greater  density  at  the  level  of 
the  sea  than  on  a high  mountain,  so  its  density  must  be  greater 
in  a deep  mine  than  on  the  surface  of  the  earth.  But  it  is  well 
known  that  heat  is  given  out  by  bodies  when  their  particles  are 
compressed,  and  this,  in  part,  accounts  for  the  fact,  that  tempera- 
ture increases,  as  the  elevation  above  the  sea  decreases.  The 
very  increase  of  atmospheric  density  would  therefore  raise  the 
temperature  of  the  air  in  deep  mines,  and  although  it  may  not 
be  sufficient  in  itself  to  account  for  all  the  results  that  have 
been  obtained  by  experiment,  it  is  worthy  attention.  Mr.  Ivory 
has  calculated  that  one  degree  of  heat  will  be  evolved  from  air 
when  under  a condensation  equal  to  1-180;  and  if  a volume  of 
air  be  suddenly  reduced  to  half  its  bulk,  the  heat  given  out 
would  be  equal  to  180°. 

But  solids  as  well  as  vapours  give  out  heat  when  com- 
pressed. A piece  of  iron  by  frequent  hammering  may  be 
made  red  hot.  Now  it  may  be  easily  proved  that  the 
density  of  the  mineral  constituents  of  the  earth  is  in  pro- 
portion to  their  nearness  to  the  centre,  and  consequently  their 
temperatures  will  be  in  the  same  proportion.  There  are  two 
antagonist  forces  acting  upon  the  surface  of  the  earth,  centrifu- 
gal force  and  gravitation.  The  rapid  revolution  of  the  earth 
on  its  axis  generates  a force  which  urges  every  particle  to  leave 
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its  combination,  and  to  fly  off  into  space  as  an  independent  atom 
of  matter — this  is  the  centrifugal  force ; but  its  influence  is 
restrained  by  the  force  of  gravitation,  which  gives  each  particle 
a tendency  to  fall  to  the  centre,  and  entirely  prevents  the  sepa- 
ration which  would  follow  from  the  unrestrained  activity  of  the 
centrifugal  force.  But  the  effects  of  the  two  forces  are  not  more 
distinct  than  the  laws  by  which  they  are  governed.  The  cen- 
trifugal force  increases  with  the  distance  from  the  centre ; the 
force  of  gravity  increases  as  the  distance  diminishes.  It  will 
therefore  follow,  that  the  density  of  the  earth  increases  in  pro- 
portion to  the  depth  from  the  surface  ; and  as  heat  is  given  out 
by  compression,  the  subterranean  temperature  must  increase 
with  the  depth. 

Admitting  the  truth  of  the  arguments  that  have  been  em- 
ployed, and  the  deductions  that  may  be  drawn  from  them,  it  is 
not  difficult  to  account  for  the  various  results  that  have  been 
obtained  by  experiments  on  the  internal  heat  at  difierent  places. 
It  is  well  known  that  the  earth  is  composed  of  a number  of 
substances  having  distinct  physical  properties.  There  are  some 
that  have  a great  capacity  for  heat ; there  are  others  that  are 
good  conductors ; while  a third  class  may  be  altogether  devoid 
of  both  these  properties.  If  we  could  suppose  all  the  mineral 
compounds  that  compose  the  earth’s  body  to  be  perfect  con- 
ductors of  heat,  there  would  be  a constant  current  towards  the 
surface,  and  a radiation  from  it.  There  is  such  a current ; but 
all  the  mineral  masses  are  not  conductors,  and  when  a heated 
stratum  is  surrounded  with  a substance  which  cannot  conduct 
heat,  the  temperature  must  be  retained.  W e need  not,  there- 
fore, be  surprised  that  different  results  should  be  obtained,  at 
the  same  relative  depths  in  distant  places,  a circumstance  ne- 
cessarily resulting  from  the  peculiarities  of  bodies  in  regard  to 
the  principle  of  heat.  It  may,  perhaps,  be  supposed  by  some 
persons  that  this  variation  in  the  temperature  at  equal  depths 
may  be  aided  by  a local  chemical  action.  Within  certain  limits 
this  may  possibly  occur,  and  produce  casual  variations  in  the 
general  law;  but  we  do  not  believe  that  chemical  action  can  be 
exerted  under  the  enormous  pressure  that  exists  at  compara- 
tively small  depths. 

In  this  way  the  existence  of  an  increasing  interior  heat  may 
be  deduced,  without  adopting  the  supposition  that  the  whole 
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globe  was  originally  in  a state  of  fusion,  and  that  by  the  radia- 
tion of  heat,  and  the  consequent  cooling  of  the  upper  portion  of 
the  mass,  beds  of  primitive  rock  were  formed.  Nor  do  we 
perceive  an  absolute  necessity  for  supposing  the  interior  of  the 
earth,  at  any  former  period,  to  have  been  in  a constant  state  of 
igneous  fluidity,  though  the  reasons  adduced  are  sufficient  to 
prove  that  there  is  throughout  a considerable  increase  of  heat, 
and  possibly  in  some  places  an  absolute  liquidity. 

M.  Cordier,  who  admits  the  igneous  liquidity  of  a large  por- 
tion of  the  earth’s  body,  has  applied  the  supposition  to  the 
explanation  of  volcanic  action  in  an  ingenious  manner.  He 
supposes  volcanic  phenomena  to  result  from  the  gradual  cooling 
and  consequent  contraction  of  the  interior  of  the  earth.  The 
contraction  of  the  refrigerating  crust  is  said  to  produce  an  enor- 
mous pressure  upon  the  interior  fluid  matter,  in  many  cases 
equal  to  28,000  atmospheres,  and  to  force  a portion  of  the  fused 
rocks  through  a vent  already  formed,  or  to  produce  a new  aper- 
ture for  emission,  by  breaking  away  the  solid  crust  in  those 
places  where  it  has  least  power  of  resistance.  In  support  of 
this  opinion,  he  adduces  the  following  singular  calculations. 
From  the  measurement  of  the  matter  ejected  by  different  vol- 
canoes, he  calculates  that  the  extreme  limit  of  the  product  of 
an  eruption  is  less  than  one  cubic  kilometre,  or  1,308,044,971 
cubic  yards.  Now  if  the  mean  thickness  of  the  crust  of  the 
earth  be  62'1  miles,  its  contraction  producing  a decrease  of  the 
radius  of  the  central  mass  equal  to  12694th  of  an  inch,  would 
be  sufficient  to  produce  a violent  eruption.  M.  Cordier  then 
proceeds  to  state,  that,  allowing  five  eruptions  every  year,  the 
difference  between  the  contraction  of  the  solid  crust  and  that  of 
the  internal  mass  would  not  shorten  the  radius  of  that  mass 
more  than  03937th  of  an  inch  in  a century*. 

That  volcanic  eruptions  are  the  effects  of  a high  interior 
temperature  we  have  no  doubt,  but  many  valid  objections  might 
be  urged  against  M.  Cordier  s theory. 

From  the  short  analysis  that  has  been  given  of  the  facts  and 
reasonings  by  which  a higher  interior  temperature  may  be 
proved,  it  will  be  evident  that  it  is  not  easy  to  determine  the 
general  laws  by  which  it  is  governed.  If  the  central  portion 


* See  page  81. 
s 2 


260 


VOLCANOES. 


of  the  earth  be  in  a condition  of  igneous  liquidity,  the  solid 
crust  which  envelops  it  must  be  of  unequal  thickness ; for 
the  fusing  points  of  mineral  substances  are  separated  by  wide 
intervals  of  temperature,  and  their  conducting  powers  are  not 
less  unequal.  Hence  there  must  be  a considerable  differ- 
ence in  the  amount  of  radiated  heat,  unconnected  with  the 
situation  of  the  place  on  the  surface  of  the  globe.  This  view  of 
the  subject  connects  it  with  the  question  of  climates,  the  diver- 
sity of  which  has  long  attracted  the  attention  of  philosophers. 
But  at  present  we  cannot  even  guess  the  influence  which  the 
determination  of  this  hypothesis  may  have  upon  the  solution  of 
many  problems  that  have  long  perplexed  the  philosopher.  In 
the  present  condition  of  our  knowledge,  the  details  that  have 
been  given  may  be  somewhat  uninteresting  to  the  general 
reader,  but  we  anticipate  that,  when  the  principles  are  deter- 
mined, which  are  within  the  reach  of  experiment  and  physico- 
mathematical  reasoning,  the  subject  will  be  second  to  none  in 
importance  or  interest. 

If  it  be  true  that  temperature  increases  with  the  depth,  there 
will  be  little  difficulty  in  explaining  many  phenomena,  the 
causes  of  which  are  now  matters  of  conjecture.  The  disturb- 
ance of  the  ancient  rocks,  and  the  ejection  of  volcanic  products 
among  them,  as  well  as  the  existence  of  modem  volcanoes, 
earthquakes,  and  thermal  springs,  are  easily  accounted  for,  if 
the  statements  that  have  been  advanced  be  admitted.  But  we 
must  now  proceed  to  an  explanation  of  the  appearances  which 
we  suppose  to  result  from  them,  and  review  the  opinions  wliich 
some  other  persons  have  entertained  as  to  the  origin  of  the 
same  phenomena. 

VOLCANOES. 

Geology  was  for  a long  time  a combination  of  hypotheses,  but 
for  many  years  past  it  has  been  advancing  towards  the  rank  of 
a practical  science.  But  although  it  has  gained  much  by  the 
industry  and  zeal  of  those  who  have  devoted  themselves  to  its 
improvement,  it  is  still  necessary  that  some  care  should  be 
exercised  in  the  admission  of  statements  as  facts,  and  all 
hypotheses  should  be  examined  with  a jealous  regard  to  the 
advancement  of  science.  So  long  as  Stahl  and  Beecher  haunted 
chemistry  with  their  phlogistic  phantom,  every  phenomenon 
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was  wrapped  in  the  mist  which  it  generated ; and  so  tlie  random 
conjectures  of  cosmogonists  have  enveloped  the  facts  recorded 
upon  the  page  of  material  existence.  In  describing  the  geolo- 
gical constitution  of  the  earth,  we  are  accustomed  to  speak  of 
the  agencies  which  we  suppose  to  act  upon  it  as  though  it  could 
not  exist,  unless  it  preserved  the  character  with  which  it  has 
been  invested  by  our  imagination,  and  could  not  have  existed 
at  all  unless  it  had  been  fonned  according  to  our  own  plan. 
Now  that  geologists  are  cured  of  the  mania  that  afflicted  their 
predecessors,  and  begin  to  direct  their  energies  to  the  discovery 
of  truth,  our  knowledge  of  igneous  forces,  and  the  phenomena 
which  attend  volcanic  activity,  will  soon,  it  is  hoped,  be  so  much 
increased  as  to  enable  us  to  determine,  with  much  more  certainty 
than  has  been  before  possible,  the  extent  and  relations  of  the 
volcanic  cause.  Thei-e  was  a time,  and  it  is  almost  witliin  the 
remembrance  of  some  of  our  readers,  when  the  Mounts  Etna 
and  Vesuvius  were  univei'sally  considered  the  types  of  volcanic 
activity ; and  the  existence  of  the  igneous  cause  was  detennined 
by  a comparison  of  phenomena  with  those  which  attended  the 
eruption  of  those  celebrated  mountains.  The  extensive  obser- 
vations made  by  the  men  who  have  recentl}^  engaged  in  the  study 
of  rocks,  have  already  given  us  a more  accurate  conception  of 
volcanic  action,  and  exposing  to  view  many  facts  probably 
connected  with  the  cause,  have  made  us  tolerably  acquainted 
with  the  geographical  position  of  mountains  and  their  periods 
of  activity. 

There  is  a great  want  of  definite  application  in  the  use  of  the 
words  volcano  and  volcanic  cause.  Sometimes  they  are  employed 
as  synonymous  with  the  terms  igneous  effects  and  igneous  agen- 
cies, while  at  other  times  they  are  only  employed  in  relation  to 
elevations  which  eject  from  their  summits  or  cones  fused  rocks, 
and  the  cause  wliich  gave  them  birth.  Some  writers  include,  in 
the  expression  volcanic  action,  the  phenomenon  of  hot  springs ; 
some  add  to  this  the  ejection  of  mud,  as  at  Turbaco,  in  South 
America ; wliile  others  confine  it  to  the  positive  projection  of 
liquefied  mineral  matter  from  the  interior  of  the  earth.  Now, 
however  certain  it  may  be  that  many  phenomena  derive  their 
origin  fr-oin  the  energy  of  the  same  cause,  yet  some  difference 
should  be  made  in  descriptive  language,  and  therefore,  instead 
of  applying  the  term  volcano  to  all  those  appearances  in  which 
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heated  substances  are  ejected  from  below  the  surface  of  the 
earth,  we  shall  confine  its  application  to  the  spots  where  lique- 
fied rocks  are,  or  have  been  in  modern  times,  ejected. 

Volcanoes,  according  to  our  definition  of  them,  maybe  divided 
into  two  classes,  active  and  extinct.  There  is  some  difficulty 
in  determining  whether  a volcano  is  extinct  or  not,  for  craters 
which  have  not  suffered  eruption  for  ages  have  suddenly  assumed 
their  former  activity,  and  spread  their  liquefied  contents  over  the 
adjacent  districts.  We  must  then  consider  all  volcanoes  to  be 
extinct  which  have  not  been  active  during  the  historic  period  ; 
but  should  any  of  these  hereafter  exhibit  proofs  of  a continued 
existence  of  the  agent,  they  may  then  be  classed  among  the 
active  cones. 

The  most  interesting  series  of  extinct  volcanoes  with  w'hich 
we  are  personally  acquainted  is  that  of  Auvergne,  in  France. 
The  most  recent  of  these  had  certainly  no  relic  of  activity  at 
the  time  Julius  Caesar  invaded  Gaul ; for  although  he  encamped 
upon  them,  he  has  not,  in  his  Commentaries,  alluded  to  their 
volcanic  origin.  How  long  before  this  they  ceased  to  present 
those  phenomena  which  attend  eniption  must  be  a matter  of 
speculation,  as  the  most  ancient  historical  records  of  the  country 
do  not  in  any  way  refer  to  them. 

The  most  recent  part  of  this  district  is  that  to  the  west  of 
Claremont.  This  fact  is  determined  by  the  position  of  the 
lavas,  and  not  by  any  distinctive  characters  in  their  composi- 
tion ; for  it  is  well  known  that  all  deductions  formed  upon  the 
differences  of  chemical  constitution  in  the  ejected  materials,  are 
exceedingly  erroneous.  But  when  the  geologist  traces  a bed 
of  lava  down  a contiguous  valley,  he  is  justified  in  supposing 
that  it  was  ejected  after  the  valley  was  exeavated ; and, 
on  the  other  liand,  when  it  occurs  as  an  outlier,  and  caps  the 
hills  which  surround  the  valley,  he  may  then  conclude  that 
the  valley  was  formed  after  the  ejection  of  the  lava,  as  its  ex- 
cavation has  destroyed  the  continuity  of  the  bed.  Now  it  is 
generally  acknowledged  that  such  valleys  were  formed  by  the 
last  diluvian  forces.  We  have  therefore  a convenient  and  natural 
division  of  extinct  volcanoes  into  ante  and  post  diluvian. 

Let  us  suppose,  for  the  sake  of  illustration,  that  the  outliers, 
a,  6,  c,  are  composed  of  a volcanic  rock,  having  the  characters 
necessary  to  identify  them  as  parts  of  the  same  mass.  It  is 
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evident,  from  their  situation  and  dip.  that  they  vrere  once  con- 
tinuous, and  that  the  catastrophe  which  excavated  the  valley 
destroyed  the  intermediate  portion  of  the  bed.  The  volcanic 


rock  is  therefore  antediluvian.  But  if  the  cone  d and  a con- 
tiguous valley  should  be  covered  with  a bed  of  lava,  it  would 
be  spoken  of  as  a postdiluvian  formation. 

There  is  one  district  which,  above  all  others,  W'ould  repay 
investigation,  and  probably  lead  to  some  important  results : we 
refer  to  the  country  around  the  Dead  Sea.  From  the  Sacred 
Writings  we  learn,  that  the  spot  now  called  the  Dead  Sea 
was  the  well-watered  and  fertile  plain  of  Jordan,  in  which 
Lot  resided  when  the  cities  were  overthrown.  From  the  cha- 
racter and  distribution  of  the  ancient  lavas,  pumice,  and  other 
volcanic  productions  found  in  this  district,  we  may  deduce 
that  the  overthrow  of  the  cities,  and  the  formation  of  the  sea 
or  lake,  were  produced  by  a now  extinct  volcano,  situated  to 
the  south-east  of  the  lake.  The  wells  of  naphtha  and  the  hills  of 
sulphur  are  spoken  of  by  all  travellers  who  have  visited  this 
desolate  country;  and  in  some  places,  it  is  said,  the  soil  is  so 
impregnated  with  these  inflammable  materials  that  it  may  be 
easily  set  on  lire.  Pumice,  obsidian,  and  ashes,  are  scattered 
over  the  face  of  the  country ; and  craters  have  been  discovered 
in  various  parts  among  rocks  of  sienite  and  porphyry. 

Dr.  Daubeny  has  given  a very  interesting  account  of  this 
district,  in  his  work  on  Volcanoes  ; but  in  some  particulars  we 
differ  with  him  as  to  the  origin  of  the  Dead  Sea.  “ I should 
suppose,”  he  says,  “ that  the  same  volcano  which  destroyed  the 
cities  of  the  plain,  threw  out  at  the  same  time  a current  of  lava 
sufficiently  considerable  to  stop  the  course  of  the  Jordan,  the 
waters  of  which,  unable  to  overcome  the  barrier,  accumulated  in 
the  plain  Siddim,  until  they  converted  it  into  the  present  Lake." 
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The  natural  termination  of  the  river  was  thus  altered;  its 
estuary,  which  the  Doctor  supposes  to  have  before  opened  into 
the  Eleniitic  branch  of  the  Red  Sea  by  Ahaba,  was  entirely 
destroyed ; and  the  waters  which  were  brought  down  from  the 
mountains  of  Antilibanus  were  dissipated  by  evaporation  from 
the  Dead  Sea,  which  is  a mere  accumulation  of  them,  its  extent 
being  determined  by  the  temperature,  which  induces  evaporation 
from  its  surface  in  proportion  to  the  quantity  brought  into  that 
sea  by  the  Jordan  and  other  streams. 

Although  we  admit  the  accuracy  of  the  general  outline  of  the 
geological  picture  which  Dr.  Daubeny  has  drawn  of  the  Holy 
Land,  before  the  catastrophe  which  destroyed  the  Cities  of  the 
Plain,  there  is  one  feature  which  appears  to  us  inaccurate — the 
southerly  direction  of  the  Jordan.  He  speaks  of  a great  longi- 
tudinal valley,  discovered  by  Burckhardt,  as  the  channel  through 
which  its  waters  were  once  discharged.  But  the  probability  is, 
that  this  river  was  either  lost  before  it  reached  Ahaba,  or  it 
turned  to  the  west  after  passing  through  the  Vale  of  Siddim, 
and  fell  into  the  Mediterranean  Sea ; for  we  cannot  imagine  that 
so  small  a river  as  the  Jordan,  fed  by  so  few  auxiliary  streams, 
could  find  its  way  through  the  broad  gorges  of  El  Araba  and 
El  Ghor,  the  stream  itself  being  constantly  decreased  by  evapo- 
ration. This  question,  however,  can  only  be  solved  by  a careful 
examination  of  the  country.  Nor  do  we  believe  that  the  Dead 
Sea  is  an  accumulation  of  water  brought  into  the  Vale  of  Sid- 
dim by  the  Jordan ; for  it  appears  to  us  far  more  probable  that 
the  earth  on  which  the  devoted  cities  stood  sunk  at  the  time 
of  their  destruction,  and  that  the  lake  was  then  immediately 
formed,  as  in  the  case  of  Euphemia.  But  whatever  may  have 
been  the  manner  in  w'hich  the  volcanic  agent  acted  to  produce 
the  effect,  it  would  be  exceedingly  interesting  to  know  some- 
thing of  the  present  appearance  of  the  district,  and  the  distribu- 
tion of  the  lava  over  the  neighbouring  valleys. 

It  has  been  already  stated  that  it  is  not  uncommon  to  find 
volcanic  rocks,  or  at  least  rocks  which  so  much  resemble  those 
now  ejected  by  volcanoes,  that  few  geologists  doubt  their  igneous 
origin,  alternating  with,  or  enclosed  by,  stratified  deposits.  The 
rocks  of  this  class  are  known  by  the  generic  term  trap,  and  are 
specifically  designated  greenstones,  basalts,  and  porphyries. 
The  rocks  of  the  Pic  du  Midi  de  Bigorre,  for  instance,  and  the 
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limestones  especially,  are  generally  superposed  by  trap.  At 
Christiana,  in  Norway,  slate,  and  the  rock  called  grauwacke,  are 
covered  by  a bed  of  porphyry,  not  less  than  sixteen  hundred 
feet  in  thickness ; and  at  Holmestrand  the  same  mass  passes 
into  a fine-grained  basalt.  In  the  island  of  Skye,  red  sandstone 
is  traversed  by  a great  number  of  trap  veins,  and  is  sometimes 
superposed  by  the  same  rock.  At  Lamlash,  in  the  Western 
Isles,  sandstone,  conglomerate,  and  clinkstone,  are  traversed  by 
a vein  of  spheroidal  trap. 

ACTIVE  VOLCANOES. 

Active  volcanoes  may  be  divided  into  two  classes,  the  aerial 
and  the  subaqueous ; that  is  to  say,  those  which  have  their 
craters  exposed  to  the  action  of  the  atmosphere,  and  those  which 
are  under  water.  It  will  be  readily  supposed  that  there  must 
be  a considerable  ditference  in  the  character  of  the  phenomena 
which  attend  their  activity  under  these  two  circumstances ; a 
difference  which  has  in  fact  some  relation  to  the  density  of  the 
medium  by  which  the  agency  is  restrained.  Our  knowledge  of 
the  phenomena  wliicli  precede  and  attend  subaqueous  eruption 
is  exceedingly  limited;  but  still  it  will  be  necessary  to  consider 
the  appearances  which  result  from  the  eruption  of  volcanoes 
under  both  circumstances. 

THE  PHENOMENA  WHICH  GENERALLY  PRECEDE  VOLCANIC 
ACTIVITY. 

In  every  age  of  the  world  there  have  been  some  who,  sepa- 
rating themselves  in  part  from  the  common  pursuits  of  man- 
kind, have  devoted  a portion  of  their  time  to  the  investigation 
of  natural  phenomena.  These  men  have  attempted  to  discover 
the  causes  which  others  have  considered  as  the  secrets  of 
Almighty  Intelligence,  and  have  delighted  themselves  with  the 
contemplation  of  the  beauty  of  created  existence,  and  the  wis- 
dom displayed  in  its  formation.  But  those  who  have  been 
unimpressed  by  nature  in  her  periods  of  repose,  have  been 
attracted  by  her  appearance  in  the  moment  of  sublime  excite- 
ment. The  accuracy  of  this  remark  will  be  admitted  by  per- 
sons who  have  never  witnessed  a more  violent  convulsion  than 
that  produced  by  a passing  thunder-storm,  and  still  more  by 
those  who  have  seen  mountains  themselves  shaken  and  rent  by 


266 


EARTHQUAKES. 


the  impetuous  action  of  subterranean  fires.  The  importance 
which  men  attribute  to  uncommon  appearances^  and  particu- 
larly to  those  of  a fearful  character,  has  been  the  means  of 
supplying  us  with  an  ample  fund  of  information  concerning  the 
states  and  effects  of  those  volcanic  mountains  which  exist  in 
countries  inhabited  by,  or  known  to,  those  whom  we  designate 
the  ancients. 

The  phenomena  which  precede  volcanic  eruptions  always 
present,  wherever  they  may  occur,  a great  similarity  of  cha- 
racter, though  they  may  vary  in  their  intensity.  The  apparent 
energy  chiefly  depends  upon  the  force  required  to  open  a passage 
for  the  liquefied  mass,  and  the  attendant  gaseous  fluids.  If  the 
vent  of  a volcano  be  much  obstructed  by  the  accumulation  of 
lava  in  the  fissure  through  which  ejection  has  on  former  occa- 
sions taken  place,  a greater  power  will  be  required  than  would 
be  otherwise  necessary,  as  the  fissure  must  be  re-opened  and  the 
lava  elevated  ; and  if  it  be  necessary  to  form  an  entirely  new 
vent,  a still  greater  force  must  be  brought  into  action,  and  that 
in  proportion  to  the  solidity,  position,  and  weight  of  the  super- 
posed mass.  There  is  not,  we  believe,  a single  instance  within 
the  range  of  historical  record,  in  which  a new  vent  has  been 
formed  in  a country  never  before  the  seat  of  volcanic  action. 
It  is  not  uncommon  to  hear  of  the  activity  of  volcanoes  that  have 
been  for  centuries  inactive ; nor  is  it  improbable  that  entirely 
new  vents  are  sometimes  formed  in  those  situations  where  the 
same  power  has  been  before  exerted.  In  both  these  cases  the 
great  obstruction  presented  to  the  volcanic  agents  by  superposed 
rocks  has  been  removed  by  former  eruptions,  and  therefore  but 
little  increase  of  power  is  required  to  force  a passage  for  the 
melted  materials. 

Volcanic  eruptions  are  generally  preceded  by  earthquake, 
and  the  phenomena  which  are  known  to  attend  that  terrible 
disturbance  of  the  earth’s  stability.  Loud  rumbling  sounds 
are  heard ; the  air  has  a mournful  stillness,  as  though  conscious 
of  the  coming  darkness;  the  electric  fluid  bursts  in  broad 
flashes  over  the  smoking  summit  of  the  mountain,  and  nature 
itself  seems  to  be  dressed  in  mourning  habiliments.  These 
appearances  may  last  for  hours  or  for  days,  and  sometimes  the 
fears  w'hich  they  excite  are  not  realised,  but  after  a brief 
convulsion,  natural  objects  resume  thek  accustomed  appearance. 
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It  must  not  then  be  supposed  that  earthquake  is  always  fol- 
lowed by  volcanic  eruption,  for  there  are  some  countries  so 
insecurely  based,  that  the  inhabitants  might  live  in  the  momen- 
tary expectation  of  being  covered  by  the  ground  on  which  they 
tread,  though  a volcano  does  not  actually  exist  within  hundreds 
of  miles.  Captain  Bagnold  states  that  in  twelve  months,  during 
his  residence  at  Coquimbo,  on  the  coast  of  Chili,  he  felt  no 
less  than  sixty-one  shocks  of  earthquake,  not  calculating  the 
slighter  movements  to  which  the  surface  is  still  more  frequently 
subject. 

PHENOMENA  RESULTING  FROM  VOLCANIC  ACTIVITY. 

The  period  and  intensity  of  volcanic  eruptions  are  in  nearly 
all  cases  irregular,  and  we  have  consequently  no  means  of 
arranging  the  several  mountains  in  classes  for  the  sake  of  a 
more  accurate  comparison  of  their  effects.  Sometimes  a moun- 
tain will  be  in  a state  of  violent  paroxysmal  eruption,  and 
when  this  has  passed  away,  it  may  be  for  years  agitated  with 
partial  throes  of  but  little  intensity,  or  fall  at  once  into  a state 
of  prolonged  slumber.  These  variations  are  common  to  nearly 
all  volcanic  mountains,  and  consequently  we  cannot  arrange 
them  permanently  by  the  character  of  their  activity,  though  we 
may,  in  considering  the  phenomena  they  produce,  form  a general 
division,  founded  on  the  period  and  intensity  of  eruption,  that 
will  considerably  guide  us  in  the  study  of  the  phenomena. 
There  are  in  fact  three  classes  of  volcanic  activity, — permanent 
eruption,  moderate  activity,  and  prolonged  intermittences. 

VOLCANOES  IN  PERMANENT  ERUPTION. 

It  is  said  that  there  are  not  more  than  three  volcanoes  which 
are  in  a state  of  permanent  activity : that  of  Stromboli,  one  of 
the  Lipari  Isles ; the  Devil’s  mouth,  in  the  Lake  of  Nicaragua; 
and  that  in  the  Isle  of  Bourbon. 

Stromboli  has  been  in  a state  of  constant  activity  for  more 
than  two  thousand  years,  and  is  a good  type  of  this  class.  Lava 
seldom  overflows  its  crater,  but  large  masses  of  burning  rock 
and  scoriae  are  incessantly  ejected  in  a perpendicular  direction. 
This  phenomenon,  accompanied  by  a loud  explosion,  occurs 
every  seven  or  eight  mmutes,  of  which  fact  we  are  informed  by 
Pliny,  as  well  as  by  modern  travellers. 


2G8  volcano  of  stromboli. 

Dolomieu  examined  this  interesting  mountain,  and  has  given 
the  following  description  of  its  eruptions  : — “ The  inflamed 
crater  is  on  the  north-western  part  of  the  isle,  on  the  side  of 
the  mountain.  I saw  it  dart  during  the  night,  at  regular 
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intervals  of  seven  or  eight  minutes,  ignited  stones,  which  rose 
to  the  height  of  more  than  a hundred  feet,  forming  rays  a little 
divergent,  but  of  which  the  greater  quantity  fell  back  into  the 
crater,  while  others  rolled  even  to  the  sea.” 

On  the  following  day  he  ascended  an  eminence  above  the 
crater,  from  which  he  obtained  a still  more  interesting  view. 
“ The  crater,”  he  says,  “ is  very  small ; I do  not  think  it 
exceeds  fifty  paces  in  diameter,  having  the  form  of  a funnel 
terminating  in  a point.  During  all  the  time  I observed  it,  the 
eruptions  succeeded  with  the  same  regularity  as  during  the 
preceding  night.  The  approach  of  the  eruption  is  not  annoimccd 
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by  any  noise  or  dull  murmur  in  the  interior  of  the  mountain, 
and  it  is  always  with  surprise  that  one  sees  the  stones  darted 
into  the  air.  There  are  times  when  the  eruption  is  more 
precipitate  and  violent ; and  stones  describing  more  divergent 
rays  are  thrown  into  the  sea  at  a considerable  distance.” 

It  has  been  stated  by  Dolomieu,  Hamilton,  and  Scrope,  on 
the  authority  of  the  islanders,  that  during  the  winter  seasons 
the  eruptions  are  far  more  violent  than  in  summer,  and  that 
atmospheric  changes  may  be  generally  predicted  from  the 
appearance  of  the  crater.  Sometimes  during  the  storms  of 
winter,  the  cone  is  split,  and  large  currents  of  lava  are 
discharged. 

In  the  Island  of  Volcano  there  is  a crater  which  at  some 
former  period  must  have  been  active,  and  still  emits  gaseous 
vapours,  which  prove  the  continued  existence  of  the  volcanic 
cause.  “ The  operations  of  this  volcano,”  says  Dr.  Dautony, 
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“ exhibit  perhaps  the  nearest  approximation  to  a state  of 
activity,  during  which  a descent  into  the  crater  would  have 
been  practicable. 

“ Nor  can  I imagine  a spectacle  of  more  solemn  grandeur 
than  that  presented  in  its  interior,  or  conceive  a spot  better 
calculated  to  excite,  in  a superstitious  age,  that  religious  awe 
which  caused  the  island  to  be  considered  sacred  to  Vulcan,  and 
the  various  caverns  below  as  the  peculiar  residence  of  the 
Gods.” 
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Quam  subter,  specua,  et  Cyclopum  exesa  caminis 
Antra  Etnea  tonant,  validique  incudibus  ictus 
Auditi  referunt  gemitum,  striduntque  cavernis 
Stricturae  Chalybum,  et  fornacibus  ignis  anbelat, 
Vulcani  domus  et  Vulcania  nomine  tellua 


VOLCANOES  IN  MODERATE  ACTION. 

Volcanoes  are  in  the  phase  of  modei-ate  activity  when  they 
are  in  a state  of  prolonged  but  inconsiderable  excitement. 
Under  this  class  we  may  place  the  volcano  of  Popocatepetl,  in 
Mexico,  which  was  found  in  this  phase  by  the  discoverers  of 
the  country.  Such  also  was  the  condition  of  Vesuvius  from 
the  commencement  of  this  century  to  the  year  1822. 

Signor  Maria  Gemmellario  has  given,  from  a meteorological 
journal  kept  at  Catania,  a very  interesting  view  of  the  succes- 
sive changes  of  Mount  Etna,  at  a period  in  which  it  was  in  the 
phase  of  moderate  activity ; and  no  description  could  convey  so 
accurate  a conception  of  the  ever-changing  phenomena. 

On  the  9th  of  Febniary,  1804,  there  was  a sensible  earth- 
quake. Etna  smoked  ninety-seven  days,  but  there  was  no 
eruption  nor  any  thunder. 

On  the  3rd  of  July,  1805,  there  was  an  earthquake.  Etna 
smoked  forty-seven  days,  and  emitted  flame  twenty- eight  days. 
There  was  an  eruption  in  J une,  but  no  thunder. 

There  were  earthquakes  on  the  27th  of  Maj'’  and  10th  of 
October,  1806.  The  mountain  smoked  forty-seven  days,  flamed 
seven,  and  detonated  twenty-eight : little  thunder. 

On  the  24th  of  February  and  25th  of  November,  1807,  there 
were  earthquakes.  Etna  smoked  fifty-nine  days ; little  thunder. 

In  August,  September,  and  December,  1808,  earthquakes 
were  frequent.  Etna  smoked  twelve  days,  flamed  102,  and 
often  detonated.  Thunder-storms  were  frequent. 

From  January  to  May,  and  during  September  and  December, 
1809,  there  were  thirty-seven  earthquakes.  The  most  sensible 
shock  was  on  the  27th  of  March,  when  the  mountain  ejected 
lava  on  the  western  side.  This  eruption  lasted  thirteen  days, 
and  part  of  the  Bosco  di  Castiglione  was  injured.  The  mountain 
smoked  one  hundred  and  fifty-two  days,  flamed  three,  and 
detonated  eleven.  Little  thunder. 

On  the  16th  and.  I7th  of  February,  1810,  there  were  four 
earthquakes.  On  the  27th  of  October,  Etna  was  in  a state  of 
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eruption  on  the  eastern  side,  and  the  lava  flowed  into  the  V'alle 
del  Bue.  There  were  about  twenty  thunder-storms. 

1811,  no  earthquakes,  but  the  mountain  continued  until  the 
24th  of  April  to  eject  lava  from  the  east.  At  this  time  the 
Mount  St.  Simon  was  formed.  No  thunder. 

Earthquake  on  the  3rd  and  18th  of  March,  1813.  The 
mountain  smoked  twenty-eight  days.  On  the  30th  of  June, 
and  on  the  5th  of  August,  St.  Sunon  smoked.  There  were 
twenty-one  thunder-storms. 

On  the  3rd  of  November,  1814,  there  was  an  earthquake, 
preceded  by  a discharge  of  sand  from  that  part  of  the  mountain 
called  Zoccolaro.  There  were  twelve  thunder-storms. 

On  the  6th  of  September,  1815,  there  was  an  earthquake. 
The  mountain  smoked  forty-two  days,  and  there  were  eleven 
thunder-storms.  On  the  6th,  7th,  and  11th  of  January  the 
lightning  was  tremendous. 

1816,  no  earthquakes.  On  the  13th  of  August  a part  of  the 
interior  side  of  the  crater  fell  in.  Ten  thunder-storms. 

There  was  an  earthquake  on  the  18th  of  October,  1817. 
The  mountain  smoked  twenty-two  days.  There  were  eight 
thunder-storms. 

During  1818  there  wei’e  twenty-five  earthquakes.  The 
most  violent  was  in  the  neighbourhood  of  Catania,  on  the  20th 
of  February.  The  mountain  smoked  twenty- four  days.  No 
thunder. 

The  phase  of  moderate  activity  is  not  very  common,  and  the 
instances  which  have  been  adduced  will  be  sufficient  to  acquaint 
the  reader  with  its  general  character.  The  effects  of  the 
volcanic  cause,  even  when  it  assumes  the  moderate  characters 
we  have  described,  are  sufficient  to  excite  fear  and  surprise  in 
the  mind  of  any  man  who  has  not  been  accustomed  to  witness 
such  phenomena ; but  those  who  have  seen  a paroxysmal 
eruption  from  an  elevated  cone  after  a period  of  long  quiescence, 
would  not  much  regard  these  comparatively  puny  efforts. 

THE  PHASE  OF  PAROXYSMAL  VIOLENCE. 

The  phase  of  paroxysmal  violence,  or,  as  it  is  usually  called, 
long  intermittences,  is  characterised  by  lengthened  periods  of 
repose,  followed  by  violent,  though  transient  eruptions.  Baron 
Humboldt  has  stated  that  lofty  volcanoes  are  always  in  this 
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state.  The  volcanic  mountains  of  the  Andes  have  not,  generally 
speaking,  an  eruption  more  than  once  in  a century ; and  the 
Peak  of  Tenerifle,  which  suddenly  became  active  in  1798,  had 
not,  at  that  time,  been  disturbed  for  ninety-two  years.  It 
must  not,  however,  be  supposed  that  this  volcanic  condition  is 
confined  to  elevated  craters,  for  the  histories  of  other  mountains 
give  abundant  instances  to  the  contrary. 

The  phenomena  which  accompany  eruption  are  nearly  the 
same  in  all  cases ; varying  in  intensity,  and  consequently  in 
the  violence  of  their  effects.  In  some  cases  the  ])henomena 
and  the  effects  are  confined  to  the  immediate  neighbourhood  of 
the  excited  mountain  ; while  in  other  instances,  and  it  is 
generally  the  case  when  the  mountain  is  in  the  phase  of 
paroxysmal  intensity,  the  effects  are  felt  for  many  miles  round 
the  active  cone.  The  explosions  of  Cotopaxi  have  thus 
been  heard  at  a distance  of  600  miles. 

The  activity  of  a volcano  generally  commences  with  a 
detonation,  which  is  succeeded  by  others  less  loud,  and  the 
escape  of  aeriform  fluids.  Large  fragments  of  rock  and  masses 
of  lava  are  usually  projected  by  these  discharges,  some  of  which 
fall  back  into  the  crater,  and  are  redischarged,  until  they  are 
reduced  to  powder,  and  mingle  with  the  surrounding  atmosphere 
of  heated  vapour.  The  accumulation  of  these  particles  pro- 
duces the  appearance  of  dense  clouds  of  smoke,*  which  almost 
invariably  surround  the  summit  of  the  crater. 

The  lava  then  rises  to  the  vent  of  the  mountain,  and  finds  an 
egress  from  the  crater,  or  from  some  lateral  opening.  In  some 
cases,  how'cver,  scoriae  alone  are  projected.  During  the  day, 
the  lava  is  generally  hidden  by  the  aqueous  vapours  which 
arise  from  it,  but  at  night  it  appears  of  a glowing  heat. 
While  the  lava  continues  to  flow,  the  detonations  are  frequently 
less  violent ; but  there  is  no  proof  of  the  diminution  of  the 
paroxysm  until  the  mountain  ceases  to  eject ; and  even  then 
peace  is  not  immediately  restored,  for  scoriae  and  masses  of 
rock  are  often  thrown  out  for  some  time  after  the  dreadful 
crisis  is  past. 

When  the  detonations  become  less  frequent,  rumbling  sounds 
are  heard,  as  the  retreat  of  mighty  waters ; and  the  mountain 
seems  gradually  to  yield  to  exhaustion,  or  to  sink  into  a state  of 
partial  rest,  occasionally  disturbed  by  explosions,  and  the  ejec- 
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tion  of  scoriae.  Towards  the  conclusion  of  an  eruption,  that 
is,  after  the  lava  has  ceased  to  flow,  the  surrounding  country 
is  frequently  enveloped  in  dark  clouds  of  black-coloured  sand, 
or  a white  comminuted  pumice. 

The  lofty  mountains  seldom  eject  lava  from  their  summits, 
but  from  lateral  openings ; for  it  requires  far  less  power  to 
open  a passage  in  the  side  of  the  mountain  than  to  elevate  the 
intumescent  mass  to  the  summit.  In  the  last  eruption  of 
Teneriffe  a lateral  opening  was  formed ; and,  according  to  a 
calculation  by  M.  Daubuisson,  it  would  have  required  a force 
equivalent  to  a thousand  atmospheres  to  have  raised  a mass  of 
lava  to  the  elevated  crater  of  the  mountain. 

We  may  now  adduce  a few  examples  of  activity  in  the  phase 
of  paroxysmal  violence;  and  the  difficulty  is,  not  to  find  a 
characteristic  type,  but  to  choose  from  the  many  authenticated 
and  interesting  details  that  are  to  be  found  in  the  page  of 
philosophical  record. 

Vesuvius  w-as  in  this  phase  in  the  year  1794.  The  first  proof 
of  the  approach  of  the  dreadful  eruption  which  happened  at 
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this  time,  was  during  the  night  of  the  12th  of  June,  when  a 
severe  shock  of  earthquake  was  felt  at  Naples,  and  over  the 
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surrounding  country.  Nothing  more  occurred  to  rouse  the  fears 
of  the  inhabitants  till  the  evening  of  the  16  th,  when  the  earth 
was  again  violently  agitated.  Shortly  after  this  an  opening 
was  formed  on  the  western  base  of  the  mountain  cone,  which, 
on  after  examination,  was  found  to  be  2376  feet  in  length,  and 
237  feet  in  breadth,  and  a stream  of  lava  was  ejected.  Not 
long  after  the  volcanic  action  had  commenced,  four  distinct  hills 
were  formed,  composed  of  lava,  from  each  of  which  stones  and 
other  ignited  substances  were  thrown  in  such  quick  succession, 
that  it  appeared  as  if  they  were  each  ejecting  a vast  flame  of 
fire.  At  this  time  the  lava  flowed  in  great  abundance,  taking 
its  course  towards  Portici  and  Resina.  The  inhabitants  of 
Torre  del  Greco,  rejoiced  to  see  a prospect  of  their  escape  from 
the  destroying  fluid,  were  assembled  together  to  return  thanks 
for  their  deliverance,  and  to  supplicate  for  their  unfortunate 
neighbours,  when  they  received  the  melancholy  tidings  tha< 
the  lava  had  changed  its  direction,  and  was  approaching  theii 
town.  In  flowing  down  a declivity,  it  had  divided  itself  into 
three  streams ; one  directing  its  course  towards  St.  Maria  del 
Pagliano,  another  towards  Resina,  and  a third  towards  La 
Torre. 

During  the  whole  of  this  time  the  mountain  was  greatly 
convulsed,  and  deep,  hollow  sounds  were  heard,  which,  togethei 
with  the  impetuous  ejection  of  the  lava,  shook  the  mountain 
to  its  very  base.  When  the  oscillatory  motion  of  the  moun 
tain  ceased,  the  sounds  became  less  frequent,  but  more  dis 
tinct ; the  lava  flowed  more  abundantly ; and  the  action  seeme<* 
as  though  it  were  suffering  under  the  last  paroxysm  of  itr 
dying  energies.  This  was  about  four  o’clock  in  the  morning 
of  the  IGth,  and  at  that  time  the  intumescent  mass  had  spread 
itself  through  all  the  streets  of  Torre  del  Greco,  and  from 
thence  had  flowed  into  the  sea,  covering  its  bed  362  feet  beyond 
the  margin  of  the  water,  the  current  having  a breadth  of  1127 
feet.  The  distance  from  the  point  of  ejection  to  the  place  where 
its  progress  was  arrested  was  12,961  feet. 

During  the  progress  of  the  eruption  the  summit  of  Vesuvius 
was  perfectly  quiescent,  and  no  remarkable  phenomenon  was 
observed  round  the  crater.  But  towards  the  dawn  of  day,  the 
heights  of  the  mountain  were  hidden  by  dense  vapour  loaded 
with  comminuted  sand  which,  spreading  itself,  in  a short  time 
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covered  the  whole  country — the  sun  itself  being  hidden  by  an 
impenetrable  mantle  of  clouds. 

It  is  impossible  to  describe  the  horrors  of  that  night,  in 
which  Vesuvius  poured  out  its  terrible  fury  on  the  beautiful 
country  in  which  it  is  situated.  The  fiery  ejections  and  the 
inexpressible  groans  of  the  mountain,  the  death-like  stUlness  of 
the  atmosphere,  and  the  cries  of  the  thousands  who  had  been 
driven  from  their  homes  and  all  the  pleasures  of  life,  must 
together  have  presented  a combination  of  terrors  which  no 
imagination  can  realise. 

But  it  was  not  on  the  western  side  only  that  lava  was 
ejected ; there  was  an  active  crater  on  the  eastern  ; and  the 
stream  which  flowed  from  it  filled  the  valley  of  Torienta,  which 
was  ()5  feet  wide,  120  feet  deep,  and  1627  feet  long.  From 
this  valley  it  took  its  way  into  the  plain  of  Forte,  where,  like 
the  western  stream,  it  divided  into  three  branches,  which 
severally  took  their  courses  towards  Bosco,  Mauro,  and  the 
plains  of  Mulara.  This  current  was  not  above  half  as  large  as 
that  which  flowed  from  the  western  side. 

When  the  lava  ceased  to  flow,  the  upper  portion  of  the  cone 
was  covered  by  a dense  cloud  of  comminuted  pumice  which 
enveloped  it  the  four  following  days,  during  which  time  the 
walls  of  the  crater  fell  in.  The  surrounding  country,  to  the 
distance  of  ten  or  twelve  miles,  was  wi’apped  in  a midnight  dark- 
ness, and  thunder  storms  were  awfully  frequent.  The  average 
depth  of  the  sand  which  fell  during  this  period,  for  a distance 
of  three  miles  round  Vesuvius,  is  said  to  have  been  fourteen 
inches  and  a half.  „ 

But,  although  this  eruption  was  attended  with  phenomena  of 
a most  awful  character,  yet  its  effects  are  not  to  be  compared 
with  those  which  attended  the  activity  of  Tomboro,  in  Sum- 
bawa,  in  the  year  1815.  The  convulsions  of  Tomboro  com- 
menced on  the  5th  of  April  with  loud  rumbling  sounds,  which 
continued  till  the  7th  of  that  month,  when  three  columns  of 
flame  burst  forth  from  near  the  top  of  the  mountain.  A short 
time  after  the  lava  began  to  flow,  the  mountain  appeared  as 
though  it  were  a solid  body  of  fire ; but  at  eight  o’clock,  about 
an  hour  after  the  ejection  of  lava,  it  was  obscured  by  a thick 
cloud  of  sand.  Between  nine  and  ten  o’clock  ashes  fell,  and  a 
whu’lwind  arose  which  struck  to  the  ground  almost  every  house 
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in  the  village  of  Sangar,  and  carried  with  tremendous  force  the 
lighter  parts,  uprooted  the  trees,  and  swept  away  both  men  and 
cattle  in  its  fury.  About  midnight  the  explosions  commenced, 
and  continued  with  intense  violence  till  the  evening  of  the  11th 
instant  without  intermission.  After  this  they  moderated,  but 
did  not  entirely  cease  till  the  25th  of  July.  Of  all  the  villages 
round  Tomboro,  only  one,  Tempo,  escaped  destruction;  and 
out  of  twelve  thousand  inhabitants,  only  twenty- six  were  saved. 

But  the  effects  of  this  eruption  were  not  confined  to  the 
immediate  vicinity  of  the  mountain.  The  fall  of  the  ashes 
forty  miles  distant  was  so  heavy,  that  the  houses  were  con- 
siderably damaged,  and  in  many  instances  rendered  uninhabit- 
able. In  Java,  three  hundred  miles  distant,  the  detonations 
were  so  distinct,  and  so  much  resembled  the  discharge  of  artil- 
lery, that  a detachment  of  soldiers  was  marched  from  Djoc- 
jocarta,  under  the  supposition  that  there  was  an  attack  upon 
a neighbouring  military  post ; and  on  the  sea-shore  the  reports 
were  mistaken  for  the  guns  of  a vessel  in  distress,  and  boats 
were  in  two  instances  sent  to  give  relief. 

On  the  6th  the  sun  was,  even  at  this  distance,  obscured,  and 
there  was  every  appearance  of  an  approaching  earthquake.  On 
the  10th  the  noises  were  louder,  and  at  Sumanap  and  Banyn- 
wangi  the  earth  was  violently  shaken.  Gresie  and  other  dis- 
tricts more  eastward  were  enveloped  during  the  greater  part  of 
the  12th  of  April  in  indescribable  darkness ; but  as  the  clouds 
of  ashes  passed  over  and  discharged  themselves,  light  returned  ; 
but  it  was  not  till  the  l7th,  when  a shower  of  rain  fell,  that 
the  atmosphere  was  cleared  of  its  clouds  of  heated  vapour  and 
sand.  The  ashes  were  nine  inches  deep  at  Banynwangi. 

The  detonations  of  Tomboro  were  heard  in  Sumatra,  970 
miles  distant ; and  indeed  in  all  the  Molucca  islands ; but  so 
dreadful  were  its  effects  along  the  north  and  west  of  the  penin- 
sula, that  but  one  solitary  vestige  of  vegetable  life  was 
preserved. 

We  may  take  Etna  as  another  example  of  volcanic  activity 
in  the  phase  of  paroxysmal  violence.  This  mountain  is  entirely 
composed  of  volcanic  rocks,  and  rises  in  imposing  grandeur  to 
the  height  of  10,000  feet  above  the  level  of  the  sea.  It  is  about 
one  hundred  and  eighty  miles  in  circumference,  and  is  sur- 
rounded on  every  side  by  apparently  small  volcanic  cones. 
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though  of  no  inconsiderable  size.  The  earliest  historical  notice 
of  this  mountain  is  by  Thucydides,  who  states  thei’e  were  three 
eruptions  previously  to  the  Peloponnesian  war,  to  one  of  which 
Pindar  alludes  in  his  first  Pythian  Ode.  In  the  year  396  b.c., 
the  volcano  was  again  active,  and,  according  to  Diodorus 
Siculus,  the  Carthaginian  army  was  stopped  by  the  flowing  lava 
when  marching  against  Syracuse. 

One  of  the  most  remarkable  eruptions  of  this  mountain  was 
that  which  occurred  in  the  year  1669,  which  was  so  violent. 


ETNA. 

that  fifteen  towns  and  villages  were  destroyed,  and  the  stream 
was  so  deep,  that  the  lava  flowed  over  the  walls  of  Catania, 
sixty  feet  in  height,  and  destroyed  a part  of  the  city.  But  the 
most  singular  circumstance  connected  with  this  eniption  was 
the  formation  of  a number  of  extensive  fissures,  which  appeared 
as  though  filled  with  intumescent  rock.  At  the  very  com- 
mencement of  the  volcanic  excitement,  one  was  formed  in  the 
plain  of  St.  Lio,  twelve  miles  in  length,  and  six  feet  broad, 
which  ejected  a vivid  flame,  and  shortly  after  five  others  were 
opened.  The  town  of  Nicolosi,  situated  twenty  miles  from 
the  summit  of  Etna,  was  destroyed  by  earthquake ; and  near 
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the  place  where  it  stood  two  gulfs  were  formed,  from  which  so 
large  a quantity  of  sand  and  scoriae  was  thrown,  that  a cone 
called  Mount  Rossi,  four  hundred  and  fifty  feet  high,  was  pro- 
duced in  about  three  months. 

We  may  perhaps  introduce  one  other  example  of  the  effects 
produced  by  volcanoes  in  the  condition  of  paroxysmal  violence. 
Hecla  has  been  long  celebrated  for  the  intensity  and  continuance 


HECLA, 

of  its  eruptions.  The  island  in  which  it  is  situated  is  not 
unfrequently  shaken  from  its  centre  to  its  shores  with  violent 
earthquakes,  and  new  islands  are  often  formed  upon  its  coasts, 
some  of  them  sinking  beneath  the  level  of  the  water  as  quickly 
as  they  are  formed,  and  others  continuing  for  so  many  years 
as  to  give  expectation  of  their  permanence.  Hecla  has  been 
more  than  twenty  times  in  a state  of  eruption  during  the  last 
eight  hundred  years,  and  when  excited,  its  devastating  fury  is 
of  long  continuance.  But  Iceland  is,  as  it  were,  the  covering 
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of  one  of  the  principal  Plutonian  workshops,  and  its  mountains 
are  the  chimneys  of  ever-active  forges. 

If  we  could  mention  one  year  as  being  more  distinguished 
than  any  other  for  the  violence  of  the  volcanic  force  in  Iceland, 
we  might  direct  the  attention  of  the  reader  to  the  year  1783. 
In  the  month  of  May  a submarine  volcano  was  formed  in  lati- 
tude 63*  26'  north,  and  longitude  23°  44'  west,  about  thii'ty 
miles  south-west  of  Reykianas.  From  the  crater  of  this  island 
so  large  a quantity  of  pumice  was  ejected,  that  the  ocean  was 
completely  covered  with  it  for  a distance  of  more  than  one 
hundred  and  thirty  miles ; but  after  a short  time  the  island 
sank  beneath  the  level  of  the  ocean,  and  only  a rocky  reef,  from 
five  to  thirty  fathoms  beneath  the  water,  was  left  as  the  evi- 
dence of  the  prior  existence  of  the  island  and  the  activity  of  the 
volcanic  force.  On  the  11th  of  June,  Skaptar  Jokul,  a volcanic 
mountain  that  has  often  spread  desolation  over  the  surrounding 
country,  ejected  a considerable  torrent  of  lava,  which,  flowing 
into  the  river  Skapta,  dried  it  up,  and  ovei-flowed  the  fields 
beyond  it,  although  in  some  places  the  bed  was  more  than  six 
hundred  feet  deep,  and  nearly  two  hundred  feet  wide.  A 
deep  lake,  between  Skaptardal  and  Aa,  was  filled  with  the 
lava,  and  a subsequent  current  “was  precipitated  down  a 
tremendous  cataract  called  Stapafoss,  where  it  filled  a profound 
abyss  which  that  great  waterfall  had  been  hollowing  out  for 
ages,  and  after  this  the  fiery  curi'ent  again  continued  its  course.” 

The  remarks  of  Professor  Lyell  upon  the  effects  of  this 
eruption  are  so  explanatory  and  true,  that  we  may  he  permitted 
to  quote  them.  “ These  Icelandic  lavas,  like  the  ancient 
streams  which  are  met  with  in  Auvergne  and  other  provinces 
of  central  France,  are  stated  by  Stephenson  to  have  accumu- 
lated to  a prodigious  depth  in  narrow  rocky  gorges ; but  when 
they  came  to  wide  alluvial  plains,  they  spread  themselves  out 
into  broad  burning  lakes,  sometimes  from  twelve  to  fifteen 
miles  wide,  and  one  hundred  feet  deep.  When  the  ‘ fiery  lake’ 
which  filled  up  the  lower  portion  of  the  valley  of  the  Skapta 
had  been  augmented  by  new  supplies,  the  lava  flowed  up  the 
course  of  the  river  to  the  foot  of  the  hills  whence  the  Skapta 
takes  its  rise.  This  affords  a parallel  case  to  one  which  can  be 
shown  to  have  happened  at  a remote  era  in  the  volcanic  region 
of  the  Vivarais,  in  France,  where  lava  issued  from  the  cone  of 
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Thueyts,  and  while  one  branch  ran  down,  another  more  power- 
ful stream  flowed  up  the  channel  of  the  river  Ardeche. 

“ The  sides  of  the  valley  of  the  Skapta  present  superb  ranges 
of  basaltic  columns  of  older  lavas,  resembling  those  which  are 
laid  open  in  the  valleys  descending  from  Mont  d’Or,  in  Auvergne, 
where  more  modern  lava  currents,  on  a scale  very  inferior  in 
magnitude  to  those  of  Iceland,  have  also  usurped  the  beds  of 
the  existing  rivers.  The  eruption  of  Skaptar  Jokul  did  not 
entirely  cease  till  the  end  of  two  years ; and  when  Mr.  Paulson 
visited  the  tract  eleven  years  afterwards,  in  1794,  he  found 
columns  of  smoke  stUl  rising  from  parts  of  the  lava,  and  several 
rents  filled  witli  hot  water.” 

These  descriptions  of  the  effects  of  volcanic  eruptions  may 
suggest  the  origin  of  those  extensive  masses  of  igneous  rocks 
which  are  found  to  overlie  those  of  aqueous  origin,  while  at  the 
same  time  they  may  enable  us  to  account  for  many  of  the  veins 
which  occasionally  intersect  horizontal  deposits.  Veins  have 
been  formed  by  injection,  or  by  the  intrusion  of  igneous  rocks 
from  above.  In  the  former  case  the  rocks  have  been  almost 
necessarily  disturbed,  of  which  sufficient  evidence  may  be 
generally  obtained,  but  veins  may  have  been  formed  by  intro- 
mission without  any  disturbance  of  the  parallelism  of  the  beds 
they  intersect.  When  lava  is  ejected  into  a fissure  from  below, 
the  probability  is  that  the  fissure  was  formed  by  either  the  same 
cause  as  propelled  the  liquefied  rocks,  or  by  one  similar  to  it  in 
intensity  and  character ; but  when  filled  from  above,  the  aper- 
ture may  have  been  produced  by  an  aqueous  cause. 

The  statements  which  have  been  made  are  sufficient  to  show 
tJie  activity  and  agency  of  the  volcanic  force,  when  its  effects 
are  exhibited  on  islands  and  continents.  But  we  have  spoken 
of  subaqueous  volcanoes,  and  in  order  to  compare  the  variety  of 
effects  produced  by  the  two  classes  of  active  cones,  it  may  be 
necessary  to  select  a few  examples  of  subaqueous  eruption. 

There  are  but  few  authentic  records  of  the  activity  of  sub- 
aqueous volcanoes.  When  it  is  considered  that  much  the  greater 
portion  of  the  surface  of  the  globe  is  covered  by  water,  this  fact 
may  appear  to  intimate  a much  less  active  condition  of  the 
volcanic  agent  beneath  the  level  of  the  sea  than  on  dry  land ; 
but  the  elevation  of  the  volcanic  cones  above  the  water  is  the 
real  cause.  An  eruption  of  any  considerable  violence  must  of 
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necessity  form  an  elevation  that  will  come  under  the  class  of 
aerial  volcanoes,  and  hence  it  is  that  so  many  active  cones  are 
situated  in  islands. 

There  is  much  difficulty  in  obtaining  detailed  information 
concerning  the  phenomena  resulting  from  the  activity  of  sub- 
aqueous volcanoes.  That  the  eruptions  are  as  numerous  as  from 
aerial  cratei-s,  there  can  be  no  doubt ; but  there  is  less  probability 
of  their  being  observed.  It  is  a singular  fact,  that  we  are  ac- 
quainted with  scarcely  an  instance  of  subaqueous  eruption  that 
has  not  produced  an  island ; and  yet  it  may  be  reasonably 
supposed  that  many  do  occur  which  have  not  sufficient  energy 
to  elevate  the  mineral  masses  above  the  level  of  the  sea.  This 
fact  may  be  accounted  for  in  two  ways.  The  volcanic  vent  may 
be  covered  by  so  great  a depth  of  water,  that  no  effect  is  pro- 
duced on  the  surface  by  the  eruption ; or  the  energy  which 
is  exerted  may  be  sufficient  to  occasion  many  phenomena  on 
the  surface  of  the  water,  though  no  observer  be  present  to 
register  them ; and  therefore  in  this  instance,  as  well  as  in 
the  former,  we  are  prevented  from  gaining  any  information 
concerning  the  appearances  exhibited. 

Some  of  the  most  remarkable  subaqueous  eruptions  with 
which  we  are  acquainted  are  those  that  troubled  the  sea  of 
Azof,  the  Azores,  and  the  island  of  Santorino,  in  the  Grecian 
Archipelago.  We  may  select  one  or  two  examples  to  illustrate 
this  usual  class  of  phenomena. 

The  island  of  Santorino,  in  the  Grecian  Archipelago,  was 
formerly  called  Hiera,  but  this  name  is  now  given  to  another 
island.  Pliny,  speaking  of  it,  says,  “ There  is  a tradition,  that 
it  rose  out  of  the  sea and  supposes  it  to  have  occurred  about 
237  B.c. 

By  the  activity  of,  in  all  probability,  the  same  volcanic  force, 
several  islands  have  at  various  times  been  formed — 

Hiera  rose  from  the  sea  in  the  year  197  b.c. 

Thia  - _ . - _ 40  a.d. 

Thia  and  Hiera  were  united  - 726  a.d. 

Little  Kamenoi  was  formed  - 1673  a.d. 

On  the  22nd  of  May,  1707,  the  volcanic  agent  was  again 
active,  and  the  islands  were  violently  shaken  by  an  earthquake. 
On  the  following  morning  a new  island,  Isola  Nuova,  was 
observed,  and  soon  afterwards  several  persons  ventured  to  visit 


vapour  projected  was  so  prejudicial  that  many  of  the  inhabitants 
were  killed  by  inhaling  it,  and  all  of  them  more  or  less  suffered 
from  its  effects.  On  the  31st,  the  sea  seemed  as  though  ready 
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it;  but  during  their  stay  it  shook  so  much  that  they  hastily  left 
the  treacherous  ground  on  which  they  had  trespassed. 

In  July  there  arose,  at  a distance  of  about  sixty  paces  from 
the  new  island,  a ridge  of  black  rocks,  from  which  torrents  of 
smoke  issued.  The  inhabitants  of  Santorino  were  greatly 
alarmed  at  this  new  exhibition  of  volcanic  activity,  and  the 
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to  boil,  and  in  two  places  revolved  in  circular  eddies.  For 
ten  years,  the  volcanic  agent  continued  in  a state  of  partial 
excitement,  and  the  inhabitants  of  the  neighbouring  islands 
were  frequently  alarmed  by  subterranean  noises  and  earth- 
quakes. 

The  most  recent  instance  of  subaqueous  eruption, with  which 
we  are  acquainted,  is  that  which  produced  . Hotham  or  Graham 
Island,  in  the  year  1831.  This  island  was  thrown  up  in  the 
Mediterranean,  between  the  south-west  coast  of  Sicily  and  the 
African  coast,  in  latitude  37®  8'  3(1'  north,  and  longitude 
12®  42'  15"  east.  The  eruption  seems  to  have  been  first 
observed  by  John  Corrao,  the  captain  of  a Sicilian  vessel,  who 
passing  near  to  the  spot  on  the  10th  of  July,  observed  an 
immense  column  of  water  ejected  from  the  sea  to  the  height  of 
sixty  feet,  and  about  eight  hundred  yards  in  circumference. 

On  the  ] 8th  of  J uly,  Corrao  again  passed  the  same  spot,  and 
he  found  that  a small  island  had  been  formed,  twelve  feet  high, 
with  a crater  in  the  centre,  from  which  immense  columns  of 
vapour  and  masses  of  volcanic  matter  were  ejected. 

The  island  was  afterwards  visited  by  several  scientific  gentle- 
men, and  is  said  to  have  been  two  hundred  feet  high,  and  three 
miles  in  circumference,  on  the  4th  of  August.  But  from  this 


time  the  island  decreased  in  size  ; for,  being  composed  of  loose 
scoriae  and  pumice,  it  was  rapidly  acted  upon  by  the  water;  and 
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on  the  3rd  of  September,  when  carefully  measured  by  Captain 
Al^^odehouse,  was  only  three-fifths  of  a mile  in  circumference, 
and  one  hundred  and  seven  feet  high.  At  the  end  of  October 
the  island  had  entirely  disappeared,  except  one  small  point 
composed  of  sand  and  scoriae.  Captain  Swinburne  examined 
the  spot  in  the  beginning  of  the  year  1832,  and  found  an  exten- 
sive shoal  to  occupy  the  place  where  the  island  had  once  been. 
In  1833  there  was  a dangerous  reef,  of  an  oval  form,  three- 
fifths  of  a mile  in  circumference. 

We  may  now  close  our  remarks  upon  active  volcanoes,  by 
the  mention  of  one  or  two  facts  deduced  from  the  consideration 
of  the  geographical  arrangement,  relative  position,  and  attendant 
phenomena  of  active  cones. 

1.  Nearly  aU  the  active  volcanic  cones  are  either  situated  in 
the  immediate  neighbourhood  of  the  sea,  or  near  some  salt- 
water lake.  A great  number  are  found  in  islands,  and  many 
of  the  islands  themselves  have  been  produced  by  the  volcanic 
eruption.  Some  few  exceptions,  however,  must  be  made  to 
this  rule,  and  we  may  particularly  mention  the  American 
mountains,  some  of  which  are  situated  in  the  interior  of  the 
continent;  but  from  their  relative  position  there  is  reason  to 
suppose  that  they  are  situated  over  some  vast  chasm  which 
communicates  with  the  sea.  The  volcano  of  Jorullo  is  more 
distant  from  the  sea  than  any  other ; yet  on  one  side  it  is 
connected  with  the  Atlantic  by  Tuxtla,  and  on  the  other  with 
the  Pacific  by  Colima. 

2.  Another  observation,  deduced  from  the  geographical  posi- 
tion of  volcanoes,  is,  that  they  are  generally  arranged  in  lines. 
It  is  true  that  we  may  here  and  there  find  a solitary  cone 
apparently  unconnected  with  any  other  mountain,  as  is  the 
case  with  Etna  and  the  Peak  of  Teneriffe ; and,  at  other  times, 
we  may  observe  a small  group  of  volcanoes ; but  their  most 
common  position  is  in  lines. 

3.  Earthquakes  and  thermal  springs  have  their  origin  in  the 
same  agency  as  volcanoes,  and  are  like  them  found  in  rocks  or 
all  ages.  This  statement  leads  us  at  once  to  a consideration  of 
the  circumstances  under  which  these  two  classes  of  phenomena 
are  exhibited. 
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The  constancy  with  which  volcanoes  and  earthquakes  attend 
each  other,  is  the  best  proof  that  can  be  given  of  the  identity  of 
their  origin.  We  may  select  one  or  two  examples  in  illus- 
tration. 

The  same  night  that  Lima  was  destroyed  by  earthquake, 
four  new  volcanic  vents  were  formed  in  the  Andes.  In  the 
year  447,  the  earth  was  convulsed  almost  without  intermission, 
from  the  Black  to  the  Red  Sea  ; and  on  the  20th  of  May,  520, 
Antioch  was  destroyed,  and  250,000  persons  were  buried  in  the 
ruins.  At  both  these  periods  several  volcanic  cones  were  active. 
Soon  after  the  earthquake  at  Lisbon,  in  1755,  various  parts  of 
the  world  were  under  the  influence  of  a similar  cause  ; and 
within  the  few  succeeding  years  there  happened  some  of  the 
most  violent  eruptions  that  ever  afflicted  the  world.  In  1769, 
the  American  continent  was  dreadfully  agitated,  and  Jorullo 
was  in  a condition  of  violent  eruption,  attended  with  some  most 
remarkable  phenomena.  In  1760,  fifteen  fissures  were  opened 
at  once,  and  from  each  immense  volumes  of  lava  were  vomited ; 
and  during  the  same  year  Katlagiaa,  in  Iceland,  broke  out  with 
intense  paroxysmal  violence,  attended  with  such  awful  volcanic 
phenomena  as  were  never  before  witnessed.  Thirty  days  after 
the  destruction  of  the  city  of  Caraccas,  the  volcano  of  St.  Vincent 
became  active ; and  at  the  moment  it  broke  forth  a subterra- 
nean noise  was  heard,  and  the  earth  was  shaken  over  an  extent 
of  nearly  2,200  square  leagues.  From  these  and  numerous 
similar  facts  which  might  be  mentioned,  it  will  be  evident  that 
earthquakes  frequently  attend  volcanic  eruption,  and  the  inten- 
sity of  the  one  is  generally  in  proportion  to  that  of  the  other. 
Earthquakes,  however,  have  been  frequently  unattended  by 
emption ; a circumstance  that  may  be  explained  on  the  suppo- 
sition that  there  was  not  sufficient  energy  to  form  a vent,  or 
that  the  gases  generated  by  subterranean  heat  made  their  escape 
by  some  previously  existing  fissure. 

Earthquakes  differ  greatly  in  intensity.  The  agitation  pro- 
duced is  sometimes  so  weak,  that  it  is  only  sensible  to  those 
who  are  accustomed  to  such  phenomena ; or  it  may  have  no 
other  effect  than  that  of  shaking  the  bells  and  the  loose  articles 
of  furniture : but  at  other  times  the  earth  reels  like  a drunkard, 
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as  though  moved  from  the  balance  which  had  been  assigned  to 
it  by  its  Creator — cities  are  overturned,  districts  are  laid  waste, 
and  the  entire  aspect  of  a country  instantly  changed — mountains 
are  overthrown,  rivers  are  turned  from  their  courses,  and  lakes 
are  swallowed  by  the  greedy  earth — 

Biseased  Nature  oftentimes  'breaks  forth 

In  strange  eruptions : oft  the  teeming  earth 

Is  with  a kind  of  colic  pinch’d  and  vex'd 

By  the  imprisoment  of  unrtily  winds 

Within  her  womb  ; which,  for  enlargement  striving, 

Shakes  the  old  beldame  Earth,  and  topples  down 
Steeples  and  moss-grown  towers. 

The  violence  of  an  earthquake  seldom  lasts  more  than  a 
minute  ; but  successive  shocks  are  sometimes  felt  at  very  short 
intervals.  During  the  agitation  immense  chasms  are  frequently 
formed,  through  which  flames,  torrents  of  water,  or  dense 
volumes  of  gaseous  fluid,  are  thrown.  The  effects  produced  by 
earthquakes  are  therefore,  in  some  instances,  most  extensive, 
and  of  a dreadful  character.  A more  appalling  description  of 
the  consequences  of  an  earthquake  cannot  be  given  than  that 
account  of  the  catastrophe  of  1638,  recorded  by  Kircher.  The 
narrator  was  on  his  way  to  Euphemia,  but  the  sea  was  tossed 
about  by  so  unnatural  an  agitation,  and  such  dreadful  noises 
proceeded  from  it,  that  it  was  found  impossible  to  proceed ; and 
Kircher,  with  his  companions,  landed  at  Lopizicum.  " Here,” 
he  says,  “ scenes  of  ruin  appeared  everywhere  around  me ; but 
my  attention  was  quickly  turned  from  more  remote  to  conti- 
guous danger,  by  a deep  rumbling  sound  which  every  moment 
grew  louder.  The  place  where  we  stood  shook  dreadfully. 
After  some  time,  the  violent  paroxysm  ceased.  I stood  up,  and 
turning  my  eyes  to  Euphemia,  saw  only  a frightful  black  cloud. 
We  waited  till  it  passed  away,  when  nothing  but  a dismal  and 
putrid  lake  was  to  be  seen  where  the  city  once  stood.” 

Humboldt  has  described,  with  Iris  characteristic  energy,  the 
sensations  which  are  experienced  by  an  individual  on  the  coast 
of  Peru,  when  he  feels,  for  the  first  time,  the  shock  of  an  earth- 
quake. “ From  our  infancy,”  he  says,  “ the  idea  of  certain  con- 
trasts fixes  itself  in  our  mind ; water  appears  to  us  an  element 
that  moves — earth  a motionless  and  inert  mass.  These  ideas 
are  the  efiects  of  daily  experience ; they  are  connected  with 
everything  that  is  transmitted  to  us  by  the  senses.  When  a 


EARTHQUAKES  IN  VOLCANIC  COUNTRIES.  287 

shock  is  felt,  when  the  earth  is  shaken  on  its  old  foundations, 
which  we  had  deemed  so  stable,  one  instant  is  sufficient  to 
destroy  long  illusions.  It  is  like  awakening  from  a dream ; 
but  a painful  awakening.  We  feel  that  we  have  been  deceived 
by  the  apparent  calm  of  nature — we  become  attentive  to  the 
least  noise — we  distrust,  for  the  first  time,  a soil  on  which  we 
had  so  long  placed  our  feet  with  confidence.  If  the  shocks  be 
repeated,  if  they  become  frequent  during  succeeding  days,  the 
uncertainty  quickly  disappears.  In  1784,  the  inhabitants  of 
Mexico  were  as  accustomed  to  hear  the  thunders  roll  beneath 
their  feet,  as  we  are  to  witness  the  vivid  flash  in  the  region  of 
the  clouds.  Confidence  easily  springs  up  in  the  human  mind ; 
and  we  end  by  accustoming  ourselves,  on  the  coast  of  Peru,  to 
the  undulations  of  the  ground,  like  the  sailor  to  the  tossing  of 
the  ship  caused  by  the  motion  of  the  waves.” 

Some  idea  of  the  frequency  of  earthquakes  in  some  parts  of 
South  America  may  be  formed  from  the  fact  stated  by  Captain 
Bagnold,  that  during  his  residence  at  Coquimbo,  on  the  coast  of 
Chili,  there  were,  during  one  year,  not  less  than  sixty-one 
earthquakes,  not  calculating  the  slighter  ones,  which  were  even 
more  numerous. 

The  effects  of  earthquakes  are  sometimes  felt  over  a great 
extent  of  coimtry.  During  the  earthquake  at  Lisbon,  in  1755, 
the  seas  in  every  part  of  Europe  were  agitated,  and  in  some 
places  became  thick  and  turbid.  Lake  Ontario  also  felt  the 
shock,  and  the  sea  round  the  Eastern  Antilles.  But  the  shocks 
are  invariably  most  violent  in  volcanic  countries,  though  not 
generally  in  those  parts  which  are  nearest  to  the  seat  of  active 
volcanoes.  In  Morocco,and  on  the  coast  of  Barbary,  earthquakes 
are  frequently  felt ; and  although  there  is  no  active  cone  in  either 
of  these  countries,  or  near  them,  yet  there  is  geological  evidence 
that  the  volcanic  force  has  been  active  at  some  past  period.  It 
has  consequently  been  supposed  by  many  persons,  that  there  is 
a subterranean  connexion  between  many  distant  places,  and 
that  a country  once  the  scene  of  volcanic  influence  is  liable  to  a 
repetition  of  its  effects.  Earthquakes  are  not  always  most 
violent  in  countries  where  active  cones  exist,  for  in  such  places 
every  crater  may  act  as  a safety  valve,  and  thus  prevent  the 
destructive  effects  produced  in  other  countries  by  the  vast 
expansive  force  of  the  confined  vapours  which  struggle  to  escape 
from  their  prison. 
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It  is  difficult  to  imagine  the  character,  much  more  the  in- 
fluence of  the  phenomena  which  attend  earthquakes,  from  any 
abstract  description  that  could  he  given.  We  are  most  likely 
to  approach  to  an  accurate  estimate  of  this  terrible  convulsion 
of  nature  from  the  perusal  of  the  accounts  which  have  been  given 
of  the  phenomena  by  which  they  are  attended,  and  the  effects 
they  have  produced  upon  the  districts  in  which  they  have 
occurred.  We  shall,  therefore,  select  one  or  two  examples. 

The  earthquake  that  destroyed  Lisbon,  in  the  year  1755, 
was  the  most  violent  that  ever  occurred  in  Europe,  at  least 
within  the  record  of  authentic  history.  On  the  1st  of  Novem- 
ber, forty  minutes  past  nine  o’clock  in  the  morning,  a violent 
shock  of  earthquake  was  felt,  which,  although  it  did  not  last 
more  than  the  tenth  of  a minute,  threw  down  one-fourth  of  the 
dwelling-houses  in  Lisbon,  and  all  the  large  public  buildings. 
This  shock,  though  short,  probably  produced  all  the  mischief, 
though  it  was  instantly  followed  by  two  others ; but  they  suc- 
ceeded each  other  so  rapidly  that  they  are  frequently  spoken  of 
as  one  shock.  About  twelve  o’clock  the  earth  was  again  shaken. 
A gentleman  who  was  present,  and  escaped  the  destruction  by 
which  the  great  mass  of  the  people  were  overtaken,  states,  that 
at  this  time,  standing  in  the  Terra  de  Pasco,  he  saw  the  walls 
of  several  houses  open  from  top  to  bottom  more  than  a quarter 
of  a yard,  and  close  again  so  exactly  as  to  leave  no  sign  of 
injury. 

During  the  first  shocks,  the  Tagus  receded  five  furlongs  from 
its  usual  boundary,  but  afterwards  advanced,  in  an  enormous 
wave,  fifty  feet  above  the  ordinary  level  of  the  tides,  and  then 
instantly  retired. ' At  Cascais,  Setuval,  Penische,  and  in  Al- 
garves,  many  persons  were  drowned  by  the  sudden  advance  of 
the  sea ; for  the  effects  of  this  terrible  earthquake  were  felt  all 
over  Portugal,  and  even  extended  to  other  countries.  The 
mountains  of  Arebeda,  Estretta,  Julio,  Marvau,  and  Cintra 
were  shaken  to  their  foundations ; the  summits  of  some  of 
them  were  split,  and  huge  masses  of  rock  were  thrown  into  the 
valleys. 

The  destructive  effects  of  this  earthquake  cannot  be  ade- 
quately described.  At  least  80,000  persons  were  destroyed  in 
Lisbon  by  the  first  fall  of  houses.  Such  scenes  can  be  painted 
only  by  an  eye-witness.  “ The  sight  of  the  dead,”  says  Mr 
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Wolfall,  “ far  exceeds  all  description  ; for  the  fear  and  conster- 
nation was  so  great  that  the  most  resolute  person  durst  not 
stay  a moment  to  remove  a few  stones  off  the  friend  he  most 
loved,  though  many  might  have  been  saved  by  so  doing ; hut 
nothing  was  thought  of  but  self-preservation  ; getting  into  open 
places,  and  into  the  middle  of  the  streets,  was  tlie  most  probable 
security.  Those  lost  in  houses  and  streets  are  very  unequal  to 
those  that  were  buried  in  the  ruins  of  churches  ; for  as  it  was 
a day  of  great  devotion,  and  the  time  of  celebrating  mass,  all 
the  churches  in  the  city  were  vastly  crowded ; and  the  number 
of  churches  here  exceeds  that  of  both  London  and  ^Test- 
minster;  and  as  the  steeples  are  built  high,  they  mostly  fell 
with  the  roof  of  the  church,  and  tlie  stones  are  so  large  that 
few  escaped.” 

“ I lodged,”  says  the  writer  of  this  account,  “ in  a house 
where  there  were  thirty-eight  inhabitants,  and  only  four  were 
saved.  In  the  city  prison  eight  hundred  were  lost,  twelve 
hundred  in  the  general  hospital,  and  a great  number  of  convents 
of  four  hundred  each.  The  palace  tumbled  the  first  shock ; 
but  the  natives  insist  that  the  inquisition  was  the  first  building 
that  fell  down.” 

This  earthquake  was  not  only  felt  in  Portugal  and  the 
peninsula  of  which  it  forms  a part,  but  throughout  Europe,  on 
the  north  of  Africa,  and  even  in  the  West  Indies.  The  Jewish 
quarter,  Mequinez,  in  Barbary,  was  swallowed  up  on  the  same 
day,  and  about  ten  thousand  of  the  inhabitants  perished.  A 
town  in  Morocco,  with  about  the  same  number  of  inhabitants, 
and  all  they  possessed,  was  destroyed  in  the  same  manner,  the 
earth  closing  over  its  victims.  The  city  of  Tasso  had  the  same 
fate.  In  Scotland,  a remarkable  elevation  of  the  waters  of 
Loch  Lomond  was  observed ; the  Thames  rose  and  fell ; and 
in  Antigua  and  Barbadoes  several  slight  shocks  were  felt. 

It  would  be  easy  to  fill  a volume  with  the  mournful  accounts 
which  have  been  given  by  observers  of  the  effects  of  earthquakes 
in  different  places ; but  we  shall  only  refer  to  two  others.  A 
severe  earthquake  occurred  at  Lima,  on  the  80th  of  March,  in 
the  year  1828,  by  which  a part  of  the  town  was  destroj’ed,  and 
a number  of  lives  were  lost.  The  pier  was  cracked  three  parts 
across,  and  an  aperture  eighteen  inches  wide  was  left  in  the  line 
of  fissure.  A large  mass  of  rock,  thirty  feet  thick,  was  separated 
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from  a cliff  at  the  north  of  the  island  of  Lorenzo,  and  thrown 
into  the  sea.  The  chronometers  and  clocks  were  stopped  by 
the  swing  or  vibration  of  the  earth,  and  its  effects  were  observed 
on  the  sea  as  well  as  on  the  land.  Captain  Bagnold  has  given 
(in  the  Philosophical  Journal)  a very  interesting  account  of 
this  earthquake,  as  observed  by  an  officer  of  a vessel  moored 
in  the  bay  of  Callao.  The  ship  was  violently  tossed,  and  the 
water  was  in  a state  of  apparent  ebullition,  the  whole  of  its 
surface  being  covered  with  bubbles  of  gas,  probably  the  sulphu- 
retted hydrogen,  which  emitted  an  offensive  smell,  resembling 
that  of  putrid  pond-mud.  One  of  the  chain-cables  of  the  vessel 
suffered  a partial  fusion ; and  dead  fish  floated  upon  the  suiface 
of  the  turbid  water. 

Lima  has  often  suffered  from  earthquakes.  That  of  1566 
was  felt  over  an  extent  of  one  hundred  and  sixty-six  leagues ; 
and  that  of  1746  destroyed  three-fourths  of  the  city,  and  one 
hundred  and  twenty  thousand  persons. 

On  the  13th  of  August,  1822,  an  earthquake  destroyed  the 
greater  part  of  Aleppo,  and  about  thirty  thousand  inhabitants. 
Mr.  Baker  has  given  an  account  of  this  catastrophe,  in  a letter 
to  the  British  and  Foreign  Bible  Society ; and  as  it  also  contains 
an  expression  of  the  feelings  which  were  produced  by  the  awful 
phenomena,  we  may  quote  the  letter  itself. 

“ On  the  night  of  the  13th  of  August,  about  half-past  nine 
o’clock,  Aleppo,  the  third  city  of  the  Ottoman  empire,  built 
entirely  of  stone,  was,  in  the  space  of  a few  seconds,  brought 
down  to  its  foundation. 

“ I was  at  that  time  asleep  on  the  terrace  of  my  particular 
friend,  Mr.  Meseyk,  who,  by  the  help  of  the  Almighty,  was 
mercifully  saved,  with  all  his  family.  About  half  an  hour 
previous  to  the  great  shock,  a light  one  was  felt,  w'hen  I took 
the  precaution  to  draw  my  bed  from  under  a very  high  wall, 
where  it  was  placed.  I was  soon  awakened  by  the  fall  of  that 
w'all,  on  the  very  spot  where  my  bed  had  stood.  I sprang  from 
my  couch,  and,  without  waiting  to  dress  myself,  I fled  into  the 
house,  which  I found  falling  on  all  sides.  To  remain  in  the 
house,  or  to  take  flight  through  the  streets,  appeared  at  first 
equally  dangerous ; at  length  I embraced  the  latter  resolution. 
In  consequence,  I descended  the  back  stairs  of  Mr.  Meseyk’s 
house,  for  the  gi'eat  staii'case  fell  at  the  same  time.  The 
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darkness  of  the  night,  and  the  clouds  of  dust  that  covei’ed  the 
atmosphere,  prevented  me  from  perceiving  the  stones  and  rub- 
bish on  the  stairs,  which  had  fallen  from  part  of  the  house,  and 
consequently  I was  precipitated  into  the  court-yard,  and  on  a 
dead  body.  How  can  I express  my  feelings  at  that  moment, 
ignorant  on  what  body  I had  fallen? — I was  half-dead  with 
fright  and  horror.  1 afterwards  learned  it  was  a faithful  ser- 
vant, who  had  a second  before  descended  those  stairs,  when  some 
stones  from  an  adjoining  Turkish  house  feU  on  him  and  killed 
him. 

“ I quitted  that  melancholy  spot,  and,  like  a man  deprived 
of  his  senses,  ran  amid  the  fallen  walls  to  the  gate  of  the  town, 
which  is  situated  at  some  distance  from  my  friend’s  house.  It 
was  on  my  road,  among  narrow  streets,  that  I was  destined  to 
witness  the  most  horrible  of  all  scenes.  The  light  of  the  houses 
whose  sides  had  fallen  exposed  to  my  view  men  and  women 
clmging  to  the  ruined  walls  of  their  houses,  holding  their  chil- 
dren in  their  trembling  arms  ; mangled  bodies  lying  under  my 
feet ; and  piercing  cries  of  half-buried  people  assaUing  my  ears 
— Christians,  Jews,  and  Turks. 

“ After  a great  deal  of  trouble  and  fatigue,  running  among 
the  ruins,  I arrived,  exhausted,  at  the  gate  of  the  city  called 
Babelfarnige,  the  earthquake  still  continuing.  But  the  gate  of 
the  city  was  shut,  and  no  one  dared  to  risk  his  life  under  its 
arch  to  open  it.  I threw  myself  on  the  gate.  I felt  in  the 
dark,  and  perceived  it  was  not  locked ; but  the  great  iron  bars 
tliat  went  across  the  folding-doors  were  bent  by  the  earthquake, 
and  the  little  strength  I retained  was  not  sufficient  to  force 
them.  I went  in  quest  of  the  guards,  but  they  were  no  more. 
I fell  again  on  my  knees  before  the  Almighty,  and  while  in  that 
attitude  four  or  five  Turks  came  near  me,  and  joined  hands  to 
pray  in  their  accustomed  way,  calling  out  ‘Alla!  Alla!’  Having 
in  sight  my  safety,  and  that  of  thousands  of  individuals  who 
crowded  to  the  gate  to  escape,  I made  no  more  reflections,  but 
began  to  entreat  them  to  help  me  to  open  the  gate,  in  order  to 
save  our  lives.  Providing  themselves  with  large  stones,  in  a 
little  time  they  forced  the  bars  and  opened  the  gate.  No  sooner 
had  I quitted  it  than  a strong  shock  of  an  earthquake  crumbled 
it  to  pieces,  and  several  Jews  were  killed  by  its  fall.  When  I 
recovered  a little  my  senses,  I began  to  feel  new  sufferings  in 
V 2 
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the  thoughts  of  what  had  happened  to  mj'  brother  and  his 
family  at  Antioch,  and  the  cruel  fate  of  my  friends  in  the  city; 
besides,  the  melancholy  objects  around  me — people  wounded, 
others  lamenting  the  death  of  their  relations,  others  having 
before  them  their  dying  children  taken  from  under  the  ruins — 
preyed  so  strongly  on  my  mind,  that  not  tlfts  pen  of  the  ablest 
writer  could  give  an  adequate  idea  of  my  feelings.” 

By  the  same  convulsion  Antioch,  Lattakia,  Gisser  Shogre, 
IdKb  Mendun  Killis,  Scanderoon,  and  all  the  other  towns  and 
villages  in  the  pachalik  of  Aleppo  were  destroyed. 

A multitude  of  painful  reflections  rush  into  the  mind  when 
we  consider  the  influence  of  some  phenomena  in  the  destruction 
of  human  life ; and  we  turn  with  fear  from  the  picture  of  the 
pasi,  mistrusting  the  condition  of  the  physical  agents  by  which 
we  are  surrounded.  In  the  bright  morning  of  expectation  we 
fancied  that  all  without,  as  well  as  within  us,  could  have  no 
other  influence  than  the  production  of  pleasing  emotions  and 
happy  associations.  We  first  learn  that  there  are  as  many 
sources  of  misery  as  of  pleasure  in  our  own  minds,  and  man  and 
nature  then  assure  us  there  is  no  real  dependence  on  them. 
The  morning  may  be  placid,  and  the  unclouded  sun  may  deck 
in  its  chastening  hue  the  face  of  nature,  but  it  sets  enveloped  in 
clouds  amid  the  strife  and  discords  of  nature.  Curiosity  and 
dissatisfaction  might  prompt  the  inquiry,  why  has  the  Creator 
of  all  things  permitted  the  existence  of  causes  calculated  to 
destroy  animal  life  ? — but  if  religion  and  reason  reply,  they 
answer,  that  man  may  feel  his  dependence  upon  Him  who  has 
all  agents  under  his  control,  and  has  so  ordered  them  as  to 
secure,  consistent  with  the  nature  of  his  terrestrial  government, 
the  accomplishment  of  his  own  will,  and  the  greatest  happiness 
of  the  greater  number  of  his  creatures. 

From  the  facts  mentioned  in  the  preceding  pages  it  will  be 
quite  evident  that  earthquakes  owe  their  origin  to  the  internal 
force  that  produces  volcanic  eruption.  This  deduction  does 
not  depend  upon  any  one  circumstance,  but  is  supported  by 
various  analogies.  All  the  countries  liable  to  earthquake  are 
either  inclosed  by  active  volcanic  cones,  or  have  been  at  some 
past  period  the  seat  of  volcanic  eruption.  Earthquakes  usually 
precede  volcanic  activity,  and  cease  with  the  eruption  ; and  to 
these  facts  we  may  add  that  volcanoes  and.earthquakes  resemble 
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each  otlier  in  all  the  circumstances  of  activity,  so  far,  at  least, 
as  relates  to  their  period  and  intensity. 

THERMAL  SPRINGS. 

It  is  almost  universally  admitted  by  geologists  that  thermal 
springs  derive  their  origin  from  the  volcanic  agent.  This 
opinion  is  deduced  from  the  position  of  the  springs,  and  the 
influence  of  volcanic  eruptions  upon  them.  It  has  been  noticed 
by  WTiters  that  there  are  three  places  in  which  thermal  springs 
may  be  found  : in  the  vicinity  of  active  volcanoes,  in  mountain 
chains  formed  by  volcanic  activity,  and  in  rocks  which  have 
been  acted  on  by  intense  physical  convulsions  from  igneous 
causes.  It  cannot  be  said  that  thermal  springs  are  unknown 
in  situations  which  do  not  present  any  external  evidence  of 
violent  disturbance ; but  if  they  do  occur  in  such  situations, 
the  circumstance  cannot  be  urged  as  a proof  that  thermal 
springs  are  unconnected  with  the  volcanic  cause. 

In  the  vicinity  of  Etna,  Vesuvius,  and  Hecla,  hot  springs  are 
abundant,  and  in  Iceland  they  are  so  numerous  and  active  that 
they  may  be  spoken  of  as  the  characteristic  phenomena  of  the 
island.  But  they  attend  extinct  cones,  as  well  as  those  which 
are  active.  There  are  many  in  the  ancient  volcanic  districts  of 
France,  Hungary,  and  Bohemia.  In  the  Pyrenees,  and  in 
other  lofty  chains  which  owe  their  elevation  to  a great  subter- 
ranean movement,  they  are  also  found,  and  are  especially  fre- 
quent in  those  places  which  have  been  torn  by  intense  physical 
convulsions. 

These  facts  are  sufficient  to  prove  that  thermal  springs  are 
produced  by  the  volcanic  cause ; and  it  is  singular  that,  in  pro- 
portion to  the  extension  of  geological  knowledge,  observers  have 
been  more  convinced  of  the  universality  of  the  igneous  forces. 
There  are  some  writers  who  seem  to  rest  the  proof  of  the  vol- 
canic origin  of  hot  springs  upon  the  effects  which  are  produced 
on  them  by  eruption  ; but  this  appears  to  us  much  less  conclu- 
sive than  that  deduced  from  their  position,  since  it  often  hap- 
pens that  cold  springs,  which  are  not  supposed  to  be  connected 
with  the  subterranean  agent,  are  equally  affected. 

There  has  been  some  dispute  among  geologists  as  to  the 
origin  of  the  hot  springs  in  England.  It  is  true  that  we  have 
no  burning  mountains,  nor  are  we  spectators  of  those  scenes  of 
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devastation  which  equally  prevail  in  tropical  and  in  polar 
climes,  amidst  the  frozen  recesses  of  Iceland,  and  in  the  plea- 
sant places  of  Italy.  But  it  must  not, on  this  account,  be  said 
that  the  volcanic  agent  does  not  exist  beneath  the  rocks  of  our 
own  as  well  as  other  countries ; for  there  may  be  in  one  place 
causes  tending  to  excite  activity,  and  in  another,  causes  whicl 
restrain  it;  so  that  in  one  district  it  may  spread  destruction  and 
the  elements  of  change,  and  in  another  waste  its  energies  upon 
the  streams  which  bubble  from  the  bowels  of  the  earth  to  heal 
the  diseases  and  minister  to  the  infirmities  of  man. 

Admitting  that  volcanoes,  earthquakes,  and  thermal  springs, 
and  we  might  add  gaseous  exhalations,  derive  their  origin  from 
the  same  cause,  we  must  next  inquire  into  the  nature  of  that 
cause,  and  endeavour  to  show  the  influence  which  it  has  had  in 
the  arrangement  of  rocks. 

THEORIES  OE  VOLCANIC  ACTIVITY. 

All  persons  agree  that  great  internal  heat  is  the  principal 
cause  of  volcanic  activity ; but  there  is  a difference  of  opinion  as 
to  the  means  by  which  that  heat  is  produced.  It  is  a matter  of 
doubt  whether  we  have  sufficient  data  to  give  the  appearance  of 
certainty  to  any  particular  theory,  and  this  has  given  the 
student  liberty  to  form  a theory  for  himself,  or  to  modify  that 
which  pleases  him  best.  The  pages  of  our  scientific  journals 
and  works  on  volcanoes  are  therefore  crowded  with  new  theories 
of  volcanic  action,  all  of  which  have  found  some  defenders.  We 
might  have  passed  over  a subject  upon  which  there  is  so  great  a 
difference  of  opinion ; but  as  there  is  no  probability  of  ascer- 
taining truth  while  the  mind  indulges  error,  there  may  be  some 
advantage  in  exposing  false  opinions,  and  in  breaking  the  fetters 
which  prevent  the  intellect  from  healthy  and  vigorous  activity. 
We  shall  therefore  enumerate  a few  of  the  theories  which  have 
at  various  times  engaged  the  attention  of  the  learned,  and  state 
some  of  our  objections  to  those  which  may  appear  the  most 
plausible. 

There  is  reason  to  believe  that  much  of  ancient  fable  derived 
its  origin  from  an  erroneous  estimate  of  natural  phenomena. 
The  history  of  astronomy  affords  abundant  evidence  of  this 
statement ; and  we  believe  that  in  every  country,  where  an 
idolatrous  or  superstitious  population  have  been  accustomed 
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to  the  sight  of  volcanic  phenomena,  they  have  invariably  ascribed 
them  to  occult  deified  agency.  The  Egyptians  attributed  all 
physical  evil  to  the  demon  Typhon ; and  the  Greeks,  who 
adopted  the  science  and  superstitions  of  the  Egyptians,  have 
evidently  symbolised  the  volcanic  phenomena  in  their  descrip- 
tion of  this  personage.  Typhon,  they  tell  us,  was  a giant  more 
powerful  than  all  the  children  of  Earth ; his  head  reached  to 
the  stars,  and  his  arms  embraced  the  rising  and  the  setting  sun. 
'VTith  his  hands  he  hurled  the  rocks  to  the  highest  heavens  ; 
fire  gleamed  from  his  eyes,  and  liquid  fire  boiled  in  his  mouth. 
He  is  said  to  have  been  born  in  Cilicia,  which  is  known  to  be  a 
volcanic  district ; and  having  shortly  after  his  birth  frightened 
the  Gods  from  heaven,  he  was  pursued  by  J upiter  to  the  borders 
of  the  lake  Serbonis,  another  volcanic  district,  and  was  at  last 
imprisoned  in  the  island  of  Sicily,  where  he  still  continues  to 
rave,  shaking  the  earth  with  his  groans,  and  ejecting  liquid  fire. 

The  philosophical  opinions  of  the  ancient  Greeks  and  Homans, 
(if  their  speculations  may  be  so  called,  as  standing  in  opposition 
to  the  fable  by  which  the  uninitiated  were  misled),  are  mentioned 
by  the  Roman  poet  Lucretius,  in  his  De  Rerum  Natiird.  Vol- 
canoes were  supposed  to  derive  their  origin  from  the  conversion  of 
the  air  confined  in  the  cavities  of  the  earth  into  violent  winds  by 
heat,  which  generating  an  increased  temperature,  inflamed  the 
combustible  bodies  contained  in  the  bowels  of  the  earth.  This 
theory  is  nothing  more  philosophical  than  the  popular  fable,  and 
far  less  poetical.  But  it  is  not  surprising  that  such  a theory  as 
this  should  have  obtained  currency  among  the  ancients;  for 
they  were  almost  entirely  ignorant  of  those  facts  upon  which  an 
explanation  must  be  founded,  and  indeed  of  many  of  the  effects 
of  the  cause  they  sought. 

As  the  phenomena  which  accompany  eruptions  prevent  a 
direct  examination  of  the  cause,  opinions  must  be  formed  from 
the  circumstances  under  which  the  effect  is  produced,  the  extent 
of  the  influence,  and  the  character  of  the  ejected  mass.  With 
all  these  the  ancients  were  unacquainted,  and  even  our  own 
knowledge  is  less  than  might  be  expected  from  our  opportu- 
nities of  research. 

Werner  was  among  the  first  of  the  geologists  who  ventured 
to  propose  a theory  of  volcanic  action.  He  attributed  eruption 
to  the  ignition  of  coal  and  other  inflammable  substances ; and 
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in  support  of  this  hypothesis  Pallas  states  that  the  ejection  of 
mud  by  the  cones  near  the  Cimmerian  Bosphorus  wa^  occasioned 
by  the  combustion  of  the  coal-measures.  Brieslak  proposed  to 
improve  the  theory  by  attributing  volcanic  phenomena  to  the 
ignition  of  petroleum  by  sulphuric  and  phosphoric  acids ; and 
in  support  of  his  theory  adduces  the  presence  of  these  substances 
in  lava.  As  it  would  be  difficult  in  the  present  day  to  find  an 
advocate  for  either  of  these  theories,  we  shall  not  attempt  to 
show  how  inadequate  they  are  for  the  explanation  of  volcanic 
phenomena. 

A singular  hypothesis,  and  one  which  has  a much  greater 
appearance  of  probability  than  either  of  those  we  have  men- 
tioned, was  proposed  by  Sir  Humphiy  Davy.  After  the 
discovery  of  the  metallic  bases  of  the  earths  and  alkalies,  he 
was  induced  to  imagine  that  the  earth  itself  might  have  been 
originally  a globe  of  metallic  alloy.  Now,  if  this  had  been 
the  primitive  condition  of  our  world,  the  combination  of  the 
oxygen  of  the  atmosphere  with  the  metals  would,  he  says,  have 
formed  a crust  of  earthy  matter  as  a superficial  covering,  the 
interior  still  remaining  a deoxidised  metallic  mass.  If  water 
should,  by  penetrating  through  the  crust,  reach  this  metallic 
mass,  a chemical  action  would  be  immediately  produced.  The 
oxygen  of  the  water  having  a great  affinity  for  the  metal  would 
be  disengaged  from  the  hydrogen,  and  a metallic  oxide  would 
be  formed.  This  chemical  action  would  cause  the  disengage- 
ment of  caloric  sufficient  to  melt  the  surrounding  rocks,  while 
the  disengaged  hydrogen  gas  would,  exerting  its  influence  as  a 
confined  elastic  fluid,  rend  the  rocks,  and  burst  into  a flame 
upon  exposure  to  the  air.  There  is  certainly  a great  degree  ot 
plausibility  about  this  hypothesis,  and  it  is  not  altogether 
unphilosophical ; but  Davy  was,  from  some  cause,  induced  to 
renounce  it,  and  give  preference  to  an  explanation  founded  on 
the  doctrine  of  central  heat.  Dr.  Daubeny,  who  has  adopted 
Davy’s  discarded  notion, suggests  that  it  is  not  inconsistent  with 
what  we  know  of  Davy’s  character,  to  suppose  that  he  acquired 
a distaste  for  the  theory  in  question,  when  he  found  it  an 
object  of  admiration  among  an  humbler  class  of  inquirers.  This 
observation  may  be  correct ; but  perhaps  a better  reason  may 
be  given  for  Davy’s  want  of  confidence  in  his  own  theory. 

\Ve  have  already  stated,  in  a periodical  work,  our  objections 
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to  the  theory  in  question ; and  we  cannot  now  do  more  than 
repeat  the  arguments  already  employed. 

T wo  admissions  are  required  by  this  theory ; and  to  us  they 
appear  to  draw  largely  upon  the  faith  of  the  reader.  We  must 
first  admit  the  existence  of  a deoxidised  metallic  nucleus,  and  then 
its  inflammability,  or  at  once  give  up  the  theory.  It  is  possible 
that  the  interior  of  the  earth  consists  of  metallic  alloys,  though 
there  is  as  much  reason  to  believe  that  it  is  composed  of  almost 
any  other  substance  ; but  we  will  grant,  for  the  sake  of  the 
argument,  that  the  earth  beneath  its  supeificial  covering  con- 
sists of  metals ; for  it  is  only  a matter  of  opinion  ; and  we  may 
imagine  it  one  substance  as  well  as  another.  We  are  next 
required  to  admit  that  this  metallic  nucleus  is  of  such  a cha- 
racter as  to  admit  of  oxidisation  by  the  presence  of  water,  the 
hydrogen  being  liberated  and  ignited.  To  determine  the  nature 
of  the  metallic  nucleus,  we  must  examine  the  character  of  the 
lava  that  is  ejected,  or  the  earths  composing  the  crust  of  our 
globe,  which  are  supposed  by  the  theory  to  have  been  at  some 
former  period  a part  of  the  metallic  nucleus.  Dr.  Daubeny 
accurately  states  that  silica,  alumina,  lime,  and  iron  are  the 
chief  ingredients  of  volcanic  products.  The  metallic  alloy, 
therefore,  must  be  composed  of  silicon,  aluminium,  calcium,  and 
iron.  Now,  of  all  electro-positive  substances,  silicon  is  the 
most  incombustible ; it  may  be  made  white-hot  in  the  open  air^ 
without  evincing  any  tendency  to  burn ; and,  so  far  from 
decomposing  water  at  common  temperatures,  it  may  be  boiled 
in  that  fluid.  There  is  every  reason  to  believe  that  silicon  is 
not  a metal,  but  has  a closer  resemblance  to  carbon,  a non- 
metallic  substance ; but  however  this  may  be,  it  is  so  far  from 
alloying  with  the  metals,  that  it  has  no  tendency  to  unite  with 
other  bodies,  except  when  in  a nascent  state,  or  when  double 
affinities  are  exerted.  W e cannot  help  remarking,  that  it  was 
only  a short  time  after  Berzelius  had  discovered  the  properties 
of  silicon,  that  Davy  renounced  his  theory.  A consideration  of 
the  properties  of  aluminium  is  equally  fatal  to  the  theory ; for 
it  sustains  no  visible  alteration  by  long  boilhig  in  water,  even 
when  in  the  state  of  fine  powder,  and  oxidises  only  when  raised 
to  a red  heat.  Of  calcium  and  iron  we  need  not  speak ; the 
former  is  only  an  imaginary  substance,  and  the  properties  of 
iron  are  too  well  known  to  require  a remark. 
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That  any  compound  of  these  substances  should  fulfil  the 
conditions  required  in  the  theory,  is,  we  think,  utterly  impos- 
sible. It  is  true  that  metallic  alloys  are  more  oxidisable  than 
pure  metals ; but  we  have  given  a reason  for  the  supposition 
that,  if  the  substances  of  which  we  have  spoken  did  exist  in 
a deoxidised  state,  they  would  not  be  in  union  with  each  other. 
If  it  could  be  imagined  that  the  earth  was  originally  a ball  of 
potassium,  the  theory  might  then  be  supported ; for  the  decom- 
position of  water  and  the  burning  of  potassuretted  hydrogen 
might  be  supposed  to  mimic  the  exhibitions  of  Etna,  if  not  of 
Tomboro.  But  as  the  constituent  elements  of  lava  evince  no 
tendency  to  act  agreeably  to  our  requisitions,  we  must  renounce 
the  theory,  unless  we  are  willing  to  give  the  substances  ima- 
ginary properties.  No  one  would  be  led  to  think  of  a volcanic 
eruption  from  the  effect  of  water  on  a cold  cannon  shot,  yet  the 
chemical  action  is  as  strong  in  this  experiment  as  it  would  be  if 
the  water  were  acting  upon  the  deoxidised  nucleus  of  the 
earth.  Iron  is  much  more  readily  oxidised  than  the  bases  of 
silica  and  alumina;  for  in  a spongy  state  it  will  decompose 
water,  and  become  red-hot  on  being  exposed  to  the  air  at 
common  temperatures.  We  are,  therefore,  justified  in  stating, 
that  we  should  as  soon  receive  Southey’s  assertion  that  the 
atmosphere  of  Elysium  and  the  Fortunate  Islands  consists  of 
the  protoxide  of  nitrogen,  as  this  theory  for  an  explanation  of 
volcanic  phenomena. 

It  is  but  just  to  those  who  may  support  the  theory  we  have 
attempted  to  disprove,  that  Dr.  Daubeny’s  reply  to  our  objec- 
tions should  be  here  mentioned.  We  cannot,  however,  avoid 
the  remark,  that  although  the  Doctor  has  thought  it  necessary 
to  reply  to  the  objections,  he  has  avoided  any  allusion  to  the 
objector;  probably  from  a fear  that  by  converting  him,  he 
might  find  himself  under  the  necessity  of  doing  that  which  he 
has  attributed  to  Davy. 

It  has  been  alleged,”  says  the  Doctor,  “that  the  two 
principal  constituents  of  lava,  namely,  the  bases  of  silica  and 
alumina,  are  not  highly  inflammable.  Silicon,  when  perfectly 
pure,  resists  a white  heat  without  uniting  with  oxygen,  and 
aluminium  may  be  boiled  in  water  without  decomposing  it. 
But  in  the  first  place  it  is  rare  to  meet  with  these  oxides,  with- 
out finding  them  accompanied  either  with  lime  or  an  alkali,  and 
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the  basis  of  the  former,  we  have  reason,  from  Davy’s  experi- 
ments, to  believe,  is  highly  inflammable ; the  latter  we  know 
to  be  so. 

“Secondly,  silicon  kindles  readily  if  united  with  a little 
hydrogen,  or  with  carbonate  of  soda : and  aluminium,  even  by 
itself,  burns  brilliantly  when  heated  to  redness,  and  dissolves 
with  the  evolution  of  hydrogen,  in  very  dilute  solutions  of 
potass. 

“ There  is,  therefore,  no  difficulty  in  imagining  the  combus- 
tion to  be  kept  up  by  means  of  silicon  and  aluminium,  when 
once  it  has  commenced  by  the  action  of  water,  upon  the  potas- 
sium, sodium,  or  calcium  present.” 

If  this  answer  to  our  objections  were  as  conclusive  as  it  is 
undecided,  imperfect,  and  objectionable,  we  might  add,  as  a 
further  reason  for  our  dissent,  that  many  arguments  might  be 
gathered  from  the  invasion  it  makes  upon  the  laws  which  would 
govern  the  arrangement  of  a metallic  nucleus  ; the  improbabi- 
lity of  water  being  present ; the  uncertainty  whether  atmo- 
spheric air  could  reach  it ; and  the  doubt  whether  any  chemical 
action  would  be  developed  under  great  pressures; — each  of 
these  might,  and  the  sum  of  them  would,  lead  us  to  the  con- 
clusion that  the  theory  is  doubtful,  if  not  visionary. 

Dr.  Daubeny  makes  an  admirable  and  comprehensive  classi- 
fication of  the  theories  of  volcanic  action,  when  he  says, — “ the 
theories  which  have  been  propounded,  with  the  view  of  account- 
ing for  the  existence  of  volcanic  action,  may  be  divided  into  two 
classes — those  which  assume  some  chemical  process  of  which 
the  heat  is  merely  an  effect ; and  those  which,  assuming  the 
existence  of  the  heat,  deduce  the  other  phenomena  from  its 
presence.”  We  have  explained  the  only  theory  worthy  our 
attention  belonging  to  that  class  which  assumes  the  existence 
of  heat  as  an  effect  of  the  volcanic  cause,  and  must  now  refer  to 
the  arguments  by  which  those  who  maintain  the  primordial 
agency  of  heat  defend  their  opinions. 

That  the  earth’s  interior  has  a much  higher  temperature  than 
its  surface,  has  long  been  a prominent  feature  in  geological 
hypotheses.  Yet  cosmogonists  and  theorists  have  not  been 
satisfied  with  assuming  a present  condition,  but  have  stoutly 
asserted  the  igneous  fluidity  of  the  primitive  earth.  It  has 
been  sometimes  stated,  that  the  earth  is  a fragment  of  a body 
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that  was,  at  the  time  of  partition,  in  a state  of  fusion ; and 
tfiis  being  assumed,  its  form  may  be  readily  traced  to  its  diur- 
nal rotation.  Sir  William  Herschel  seems  to  have  been  enticed 
from  his  practical  studies  by  a theory  not  less  fascinating. 
This  celebrated  astronomer  believed  the  earth  to  have  been,  at 
some  past  period,  a mass  of  vapour,  and  attributes  its  present 
form  to  the  condensation  of  the  i elastic  fluid,  an  intense  heat 
being  given  out  during  the  process  of  reconstruction.  It  is  not, 
however,  easy  to  comprehend  either  the  philosophy  of,  or  the 
necessity  for,  these  theories,  as  there  can  be  no  reason  why  the 
Almighty  fiat  should  not  have  called  the  earth  into  existence  as 
an  independent  solid  body,  without  the  cumbersome  machinery 
with  which  some  philosophers  seem  to  be  so  much  delighted. 
But  with  such  speculations  we  do  not  at  present  concern  our- 
selves, as  they  cannot  lead  to  an  acquaintance  with  the  cause 
of  the  phenomena  already  explained.  It  is  sufficient  to  know 
that  the  interior  heat  does  increase  with  the  depth;  a fact 
proved  by  a variety  of  experiments,  and  doubted  only  by  those 
who  wish  to  disbelieve  it. 

The  earth  is  a reservoir  of  heat ; and  this  agent  exists  with 
an  intensity  sufficient  to  produce  the  phenomena  ever  attending 
volcanoes,  earthquakes,  and  thermal  springs.  From  the  known 
effects  of  condensation,  an  increasing  internal  heat  may  be 
accounted  for ; so  that  theory,  in  this  instance,  is  confirmed  by 
facts.  There  may  be  a modification  in  the  ratio  of  the  in- 
crease beyond  a certain  depth  ; but  should  future  experiments 
establish  the  accuracy  of  this  supposition,  many  objections  now 
made  to  the  theory,  with  what  show  of  truth  and  honesty  we 
do  not  say,  will  be  effectually  answered. 

Those  who  differ  in  theoretical  opinions,  too  often  imagine 
their  theories  to  be  diametrically  opposed  ; but  when  truth  shall 
be  discovered,  it  may  be  found  that  none  of  the  causes  zealously 
advocated  by  parties  could  of  themselves  produce  the  effects 
they  are  now  supposed  to  explain.  It  is  more  than  possible, 
that  neither  internal  heat,  chemical  action,  nor  electrical  currents, 
could  alone  produce  the  volcanic  phenomena  ; but  acting  toge- 
ther, and  they  are  known  to  be  in  some  degree  dependent  on 
each  other,  they  may  give  birth  to  all  the  violent  disturbances 
that  agitate  the  surface  of  the  earth. 

We  have  now  attempted  to  explain  the  most  important  facts 
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and  theories  in  relation  to  the  interior  of  the  earth.  It  is  not 
to  he  denied  that  there  is  much  uncertainty  and  error  in  many 
of  the  speculations  which  have  been  proposed  and  defended 
by  the  geologists  of  the  present  day ; and  we  may  antici- 
pate that  more  extensive  investigations  will  disabuse  their 
minds  of  the  fallacies  resulting  from  an  imperfect  view  of 
nature.  The  human  mind  may  be  admirably  adapted  to 
deduce  principles  from  the  information  communicated  by  the 
senses  ; but  if  that  information  be  inaccurate  or  partial,  it  will 
produce  erroneous  principles.  A variety  of  circumstances  may 
prevent  the  accurate  perception  of  truth,  but  especially  preju- 
dice and  a partial  view  of  facts.  These  are,  even  in  the  present 
day,  sources  of  error;  for  they  still  govern  to  some  extent  the 
reasoning  faculties  of  the  wisest  men.  We  would  not,  there- 
fore, force  our  opinions  upon  the  reader,  as  though  they  were 
capable  of  the  same  rigid  demonstration  as  a geometrical 
problem  ; we  would  rather  have  them  considered  as  elements 
of  thought  than  as  dogmatical  conclusions. 

In  the  examination  of  the  facts  advanced  in  this  chapter, 
there  are  two  things  which  appear  to  us  particularly  evident, 
written  as  it  were  upon  the  face  of  every  stratum  that  forms  a 
part  of  the  earth’s  cinst : first,  that  a series  of  causes  have  acted 
in  the  production  of  rocks,  differing  from  each  other  either  in 
character,  extent,  or  intensity  ; and  secondly,  that  the  condition 
of  these  rocks  gives  evidence  of  the  existence  of  more  violent 
igneous  agents  than  are  now  in  operation. 

1.  The  beds  forming  the  crust  of  the  earth  being  distinguished 
from  each  other  by  mechanical  and  chemical  composition,  and 
each  bed,  or  suite  of  beds,  being  remarkable  for  some  organic 
remain  pteculiar  to  itself,  there  is  evidence  of  the  existence  of 
secondary  causes  from  the  period  when  these  rocks  were  formed ; 
and  the  variety  of  agents  supposes  an  interval  of  time  between 
their  successive  operations.  To  imagine  that  a bed  of  sand  and 
a bed  of  gravel  could  have  resulted  from  the  same  physical 
force,  or  that  there  was  not  a perceptible  interval  of  time 
between  tlie  deposition  of  a limestone,  its  disturbance  by  inter- 
nal forces,  and  the  formation  of  another  bed  upon  the  dislocated 
stratum,  would  effect  as  great  an  alteration  in  deductive  reason- 
ing as  the  volcanic  force  produced  upon  rocks.  Great  minds 
may  be  guilty  of  excessive  folly  in  their  effort  to  support  a 
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favourite  hypothesis,  and  do  sometimes  resort  to  arguments 
they  would  condemn  if  employed  by  others.  It  has  been 
maintained  by  some  writers,  who  have  had  ample  opportunities 
of  examination  as  well  as  of  reading,  that  a continuous  series  of 
causes,  acting  within  a very  short  period  of  time,  if  not  a single 
cause,  produced  all  rocks,  and  occasioned  the  disturbances  which 
they  are  now  known  to  present.  The  Mosaic  deluge  has  been 
considered  sufficient,  both  in  intensity  and  period,  to  account  for 
all  the  varied  phenomena  to  which  we  have  referred.  But  this 
supposition  is  opposed  by  facts  too  evident  to  be  denied. 

2.  If  the  interior  of  the  earth  has  a higher  temperature  than 
its  surface,  there  is  a probability  that  the  ratio  was  greater 
when  the  ancient  rocks  were  in  the  process  of  formation,  than  at 
the  present  moment ; and  this  is  deduced  from  the  abundance 
of  igneous  rocks,  as  well  as  from  the  fact  that  heat  is  dissipated 
by  radiation.  In  every  age  the  volcanic  force  has  been  active,  dis- 
torting strata,  and  ejecting  among  them  igneous  products ; but  it 
appears  to  have  been  most  violent  during  the  formation  of  the 
older  rocks,  a deduction  that  coincides  with  the  supposition  of  a 
decreasing  superficial  temperature  as  the  result  of  radiation. 

But  whatever  opinions  maybe  entertained,  after  an  examina- 
tion of  the  earth’s  crust,  it  will  be  universally  admitted  that 
the  arrangement  of  the  mineral  masses  is  not  fortuitous,  but 
the  consequence  of  that  pre-ordaining  power  which  adapted 
all  natural  agents  to  aid  in  the  support  of  life  under  pleasurable 
conditions.  The  sun  may  shine  upon  some  worlds  with  an 
energy  equal  or  superior  to  that  with  which  it  falls  upon  the 
earth,  and  it  may  diffuse  over  them  the  same  vivifying  rays ; 
but  if  they  are  so  constituted  as  to  present  a surface  inapt  to 
the  reception  of  the  life-supporting  agency,  then  the  solar  rays, 
so  far  as  those  worlds  are  concerned,  are  useless.  But  the  earth 
is  so  formed,  that  it  is  suited  to  receive  such  influence  from  sur- 
rounding causes,  as  is  calculated  to  maintain  life.  It  should 
then  ever  be  remembered  that  man  acknowledges  the  display  of 
Divine  wisdom  in  the  creation,  because  he  perceives  that  in  all 
parts  of  the  mundane  system  there  is  an  exact  proportion  be- 
tween agents  and  the  substances  upon  which  they  act. 
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Distribution  of  Land  and  Water. — Formation  of  Rocks.— Continents.— Moun- 
tains. — Mountain  Chains.  — Caverns.  — Springs.  Glaciers.  — Rivers.  — 
Cascades  and  Cataracts. — Lakes. — Level  of  the  Ocean. — Colour  and  Phos- 
phorescence of  the  Sea. — Temperature  of  the  Sea. — Icebergs. — Water- 
Spouts. — Waves. — Tides. — Currents. — Chemical  Composition  of  Substances. 
Cohesion. — Crystallisation — Chemical  Attraction. — Composition  of  Water, 

The  superficies  of  the  earth  is  estimated  at  two  hundred 
million  British  square  miles,  and  consists  of  land  and  water. 
Seven-tenths  of  this  surface  are  occupied  by  water,  and  a portion 
of  the  remaining  three-tenths  is  actually  beneath  the  level  of 
the  ocean.  A large  proportion  of  the  dry  land  is  situated  in 
the  northern  hemisphere,  the  southern  hemisphere  presenting 
a broad  and  almost  uninterrupted  surface  of  water,  the  Pacific 
Ocean  itself  being  of  greater  extent  than  all  the  dry  land  on 
the  surface  of  the  earth.  Humboldt  estimates  the  dry  land 
between  the  tropics,  in  the  northern  and  southern  hemisheres, 
as  being  in  the  ratio  of  five  to  four,  and  without  the  tropics  as 
thirteen  to  one,  the  northern  hemisphere  being  the  greater  in 
both  instances. 

This  relation  between  land  and  water  has  not,  in  all  proba- 
bility, constantly  existed.  The  loftiest  elevation  upon  the  sur- 
face of  the  globe  may  have  been,  at  some  past  period,  beneath 
the  level  of  the  ocean,  and  the  agent  which  elevated  it  may  act 
at  some  future  period  upon  the  bed  of  the  present  sea,  and 
raising  it  to  the  same  elevation,  entirely  change  the  relative 
distribution  of  land  and  water.  If  it  be  denied  that  the  dry 
land  has  once  been  the  bed  of  the  ocean,  how  can  the  presence 
of  organic  remains  in  rocks  be  accounted  for  ? It  must  not  be 
supposed  that  the  ancient  shells  found  in  rocks  are  merely  dis- 
tributed over  their  surface,  for  they  form  an  integral  portion  of 
the  beds,  and  are  so  disseminated  through  them  that  the  rocks 
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and  the  shells  must  have  been  deposited  at  the  same  time.  But 
that  which  was  the  bed  of  the  sea  is  now  dry  land,  and  conse- 
quently one  of  two  thmgs  must  have  happened  : either  the  dry 
land,  as  it  then  existed,  was  depressed  beneath  the  level  of  the 
ancient  basins,  and  received  their  contents ; or  the  bed  of  the 
sea  was  raised  so  as  to  form  new  valleys  for  the  reception  of 
the  waters.  There  can  be  no  doubt  as  to  which  of  these  two 
causes  produced  the  present  relative  condition  of  land  and 
water.  Rocks  have  been  violently  tilted  from  a horizontal 
to  a highly-inclined  or  vertical  position ; immense  masses  of 
igneous  rocks  have  been  ejected  from  the  interior  of  the  earth, 
and  form,  as  it  were,  immoveable  walls,  against  which  the  dis- 
turbed strata  are  piled  in  succession.  Some  local  results  may 
be. due  to  depression,  but  all  the  great  movements  to  which  the 
earth’s  crust  has  been  subject  may  be  traced  to  elevation. 

We  need  not  refer  to  a very  distant  era,  geologically  consi- 
dered, to  find  evidence  of  an  alteration  in  the  relations  of  land 
and  water.  The  ancient  beaches  are  among  the  most  recent 
geological  formations,  and  give  evidence  of  at  least  a partial 
though  by  no  means  unimportant  elevation,  after  the  deposition 
of  the  most  recent  tertiary  deposits.  On  the  English  coast  there 
are  not  many  examples,  but  they  are  sufficiently  numerous  to 
prove  that  it  was  in  many  places  upheaved  with  the  beaches 
that  had  been  formed  by  the  washing  up  of  shells,  pebbles,  and 
other  marine  productions.  There  is  a good  example  at  Ply- 
mouth, and  another  on  the  Devonshire  coast,  near  Babbacombe, 
and  also  one  on  the  opposite  coast,  in  the  island  of  Portland. 
We  know  that  some  geologists  are  unwilling  to  admit  that  these 
ancient  beaches  were  produced  by  elevation,  but  it  is  really  no 
objection  to  the  theory  that  they  only  occur  in  small  masses 
here  and  there ; for  it  may  be  easily  admitted  that  the  fractures 
produced  by  the  elevation  would  tend  to  destroy  the  continuity 
of  beds,  and  that  the  destroying  agents,  which  have  for  ages 
since  that  event  been  acting  upon  our  coasts,  would,  in  all  pro- 
bability, have  removed  the  greater  portion  of  the  masses  that 
remained  as  the  evidences  of  the  event.  There  is  reason  to 
believe  that  these  beaches  were  formed  after  the  deposition  of 
the  crag,  if  we  may  attempt  to  determine  the  relative  ages  of 
rocks  by  the  organic  remains  they  contain,  and  that  the  force 
which  elevated  them  was  one  of  the  last  dying  throes  of  that 
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intense  volcanic  power  which  had  been  long  before  rapidly 
expending  its  energy,  and  is  now  so  weakened  as  to  produce 
comparatively  small  and  always  local  effects. 

But  although  the  changes  in  the  distribution  of  land  and 
water  have,  since  the  period  when  the  beaches  were  raised, 
been  effected  by  moderated  agents,  yet  we  know  that  causes  do 
exist  by  which  districts  once  covered  with  water  are  delivered 
up  to  man,  while  on  the  other  hand  the  sea  makes  rapid  en- 
croachments upon  that  which  has  been  for  centuries  his  patri- 
mony. The  effects  of  these  causes  are  produced  so  slowly  that 
they  frequently  pass  unnoticed  from  generation  to  generation, 
and  yet  they  are  effecting  mighty  changes  in  the  distribution 
of  land  and  water,  and,  if  sufficient  time  be  allowed,  will  ulti- 
mately give  a new  character  to  the  physical  appearance  of  the 
earth’s  surface. 

The  subjects  embraced  in  this  chapter  are  too  extensive,  and 
the  space  for  discussion  too  narrow,  to  admit  a detailed  descrip- 
tion of  the  operation  of  those  causes  which  are  now  effecting 
an  alteration  in  the  distribution  of  land  and  water,  but  a few 
remarks  are  necessary. 

There  is  no  physical  agent  too  weak  to  assist  in  altering  the 
relative  distribution  of  land  and  water.  The  soft  breezes  which 
blow  at  evening  from  the  boundless  ocean,  the  gentle  shower 
which  refreshes  the  thirsty  earth,  and  even  the  heat  and  light 
which  emanate  from  the  great  orb  of  day,  have  some  influence 
in  carrying  on  that  constant  series  of  changes  observed  on  every 
hand  by  the  man  who  devotes  himself  to  the  investigation  of 
nature.  It  is  so  common  an  .error  to  suppose  that  the  most 
violent  causes  are  the  most  destructive,  that  but  few  persons 
would  imagine  rivers  to  be  more  active  than  the  devastating 
volcano  in  changing  the  superficial  appearance  of  the  earth. 
Time  and  persevering  activity  effect  more  than  casual  impetu- 
osity ; a statement  which  is  as  true  in  relation  to  mind  as  to 
those  agents  which  act  upon  matter.  The  volcano,  whose 
periods  of  activity  may  be  separated  by  years  or  centuries,  pro- 
duces, when  excited,  terrible  effects  upon  the  district  in  which 
it  is  situated ; but  the  river  ripples  along  its  course  day  after 
day,  and  is  every  hour  bearing  to  some  distant  sea  a portion  of 
the  material  it  has  collected. 

There  are  four  agents  remarkably  active  in  the  destruction 
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and  recomposition  of  rocks — heat,  air,  water,  and  chemical 
action ; and  there  are  but  two  conservative  principles — cohesion 
and  vegetation.  The  agents  of  destruction  freqnently  act  in 
concert,  and  in  many  instances  effect,  by  their  ceaseless  opera- 
tion, the  decomposition  of  rocks  which  have  for  ages  sustained 
unmoved  the  impetuous  action  of  the  most  violent  forces. 
Water  will  cut  a path  through  the  hardest  rock,  and  heat  will 
reduce  its  materials  to  a state  of  fusion  ; or  the  two  agents  may 
act  together  upon  a bed  whose  particles  have  very  slight  cohe- 
sion, but  are  bound  by  a luxuriant  vegetation.  If  a cliff  com- 
posed of  clay  be  periodically  attacked  by  the  water  of  the 
ocean,  and  in  the  interval  dried  by  solar  heat,  the  frequent 
change  of  condition  will  soon  break  away  mass  after  mass,  in 
spite  of  the  binding  influence  of  vegetation.  But  in  order  to 
trace  the  changes  which  are  in  progress,  it  is  necessary  to  exa- 
mine the  subject  under  two  aspects, — the  destruction  and  the 
recomposition  of  rocks. 

The  atmosphere  and  water  act  both  chemicallj’^  and  mecha- 
nically upon  rocks,  and  in  any  attempt  to  trace  with  minute- 
ness the  nature  of  the  changes  produced,  it  would  be  necessary 
to  investigate  the  influence  of  each  in  all  its  diversities  of 
operation. 

The  atmosphere  has  a mechanical  action  upon  rocks,  espe- 
cially when  it  contains  a large  quantity  of  water.  The  weather- 
ing of  rocks,  as  this  effect  has  been  called,  may  be  observed 
more  or  less  in  all  districts.  Air,  when  in  violent  motion,  as 
in  hurricanes,  is  a destroying  agent  of  no  common  power,  and 
even  the  mineral  masses  are  disturbed  and  their  combinations 
broken  under  its  terrific  influence. 

Water  is  a more  active  agent;  for  whether  it  passes  over  the 
surface,  or  percolates  through  strata,  it  carries  av/ay  a portion 
— in  some  cases,  it  is  true,  a very  small  portion — of  mineral 
matter.  Water,  wherever  it  is  found,  holds  in  solution  some 
mineral  substances.  The  amount  of  detritus  accumulated 
will  always  depend  upon  the  velocity  of  the  stream,  and  the 
solubility  of  the  deposit  through  or  over  which  it  passes.  It 
has  been  frequently  mentioned,  that  rivers  containing  a large 
body  of  water  do  always  carry  down  their  courses  an  immense 
quantity  of  argillaceous  matter,  or  deposit  it  in  their  beds.  But 
to  estimate  the  effects  produced  by  water  when  in  the  condition 
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of  violent  motion,  the  inquirer  must  examine  the  influence  of 
impetuous  mountain  torrents  and  occasional  floods. 

Heat  is  an  important  agent  in  the  production  of  change  in 
the  superficial  appearance  of  the  earth,  or  at  least  of  disti  icts. 
That  volcanoes,  earthquakes,  and  thermal  springs,  are  due  to 
internal  heat,  is  admitted  by  all  persons,  though  there  is  a dif- 
ference of  opinion  as  to  the  cause  of  that  heat.  Volcanoes  have 
their  etfect  in  the  ejection  of  liquefied  rocks  over  districts  of 
greater  or  less  extent,  and  in  the  stUl  wider  distribution  of 
pumice  and  scoriae.  Earthquakes  act  variously  upon  the  sur- 
face ; sometimes  raising  and  sometimes  depressing  an  island,  a 
coast,  or  a country,  and  not  unfrequently  producing  enormous 
fissures,  diverting  rivers  from  their  courses,  and  leaving  putrid 
lakes  on  the  sites  of  fertile  districts  and  noble  cities.  Thermal 
springs  deposit  large  quantities  of  lime  and  other  minerals;  and 
although  they  may  now  appear  inadequate  to  the  production 
of  extensive  effects,  they  have  probably  in  past  ages  given  birth 
to  deposits  of  immense  thickness  and  extent,  and  are  not  in  the 
present  day  unimportant  agents. 

In  whatever  district  our  inquiries  are  made,  we  discover  that 
some  or  all  of  these  agents  are  acting  upon  rocks,  destroying 
the  continuity  of  their  particles,  and  accumulating  them  in 
heaps,  or  distributing  them  over  districts.  But  it  will  be 
necessary  to  inquire,  what  is  the  ultimate  destination  of  the 
detritus  thus  produced? — does  it  remain  upon  the  spots  in 
which  it  is  formed,  or  is  it  carried  from  these  to  some  distant 
regions,  to  form  new  compounds,  and  again  to  assist  in  the 
composition  of  mineral  masses  ? 

Water  is  the  principal  agent  in  the  decomposition  of  the 
superficial  earthy  materials,  and  it  has  also  the  most  important 
influence  in  the  recomposition  of  the  parts  which  are  removed. 
Atmospheric  causes,  acting  upon  elevated  districts  and  moun- 
tain chains,  separate  from  rocks  a portion  of  their  mass  in  large 
fragments,  or  m minute  decomposed  particles ; but  they  would 
remain  on  the  spots  where  they  w'ere  produced,  if  they  were 
not  subject  to  the  action  of  moving  water.  By  the  melting  of 
snow,  and  the  fall  of  ram,  a considerable  body  of  water  is  pro- 
vided, and  streams  of  larger  or  smaller  extent  rush  down  the 
sides  of  mountains,  occasionally  uniting  together,  and  forming 
torrents  which  have  an  overwhelming  momentum.  The  loose 
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and  detached  fragments  are  consequently  carried  down  the 
mountains  into  the  valleys,  or  rather  into  the  rivers  of  which 
the  mountain  streams  are  the  source.  But  the  quantity  is  con- 
stantly increasing ; for  not  only  does  every  auxiliary  stream  add 
something  to  the  amount,  but  the  water  is  everywhere  acting 
upon  the  banks  of  the  channel  it  has  made  for  itself,  and  ex- 
tending its  influence  over  the  land.  Rivers  frequently  form 
new  beds,  gradually  cutting  a passage  through  districts  in 
which  the  water  can  be  more  equably  distributed.  We  must 
therefore  look  for  this  detritus  in  the  beds  of  rivers,  and  in  the 
basins  to  which  they  flow.  Lakes  which  receive  the  waters  of 
rivers  are  nearly  all  becoming  less  deep,  in  consequence  of  the 
earthy  matter  carried  into  them ; and  if  the  ocean  be  examined, 
immense  banks  of  clay  and  sand  will  be  discovered  in  it.  Should 
any  volcanic  force,  similar  in  intensity  to  that  of  former  ages, 
elevate  these  deposits,  they  would  in  a few  years  present  an 
appearance  in  every  way  resembling  some  of  those  which  now 
constitute  the  dry  land.  But  admitting  that  no  such  agent 
can  ever  act  upon  the  crust  of  the  earth,  the  gradual  accumu- 
lation of  these  deposits  must  ultimately  affect  the  distribution 
of  land  and  water,  by  causing  the  ocean  to  advance  upon  dis- 
tricts once  distant  from  it,  and  the  banks  and  shoals  of  the 
ocean  to  appear  as  islands.  It  is  evident,  then,  that  there  is  no 
stability  in  the  relative  amount  or  position  of  land  and  water. 
The  present  distribution  has  resulted  from  a combination  of 
causes  that  have  acted  from  the  beginning  of  time,  and  it  is 
constantly  changing,  though  so  slowly  that  the  period  of  a 
man’s  life  is,  in  many  instances,  too  short  to  produce  an  effect 
sufficiently  extensive  to  be  detected  by  an  acute  observer.  But 
there  are  causes  in  existence  which  are  calculated  to  limit  the 
' destruction  of  rocks,  and  more  especially  to  prevent  the  casual 
distribution  of  the  masses  formed  by  the  process  of  recomposi- 
tion. There  is,  in  fact,  reason  to  believe  that,  how  rapidly 
soever  the  decomposition  may  go  on,  the  position  of  masses  in 
relation  to  the  globe  it«elf  cannot  greatly  change,  though  the 
materials  may  enter  into  new  combinations,  or  form  parts  of 
other  masses  of  smaller  or  larger  dimensions. 

We  may  now  proceed  to  examine,  with  a little  more  parti- 
cularity, the  features  which  distinguish  the  present  distribution 
of  land  and  water.  The  greater  portion  of  the  land  is  included 
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in  two  masses  of  considerable  extent,  called  Continents,  and 
these  are  separated  by  basins  or  valleys  containing  water,  called 
Seas.  Here  and  there  smaller  and  detached  portions  of  land 
are  found,  having  a greater  or  less  elevation  above  the  level  of 
the  water,  and  these  are  denominated  islands;  and  so  also  small 
bodies  of  water  are  in  some  places  surrounded  by  land,  and 
these  are  called  Lakes.  Some  geographers  have  considered 
Australia  as  a continent,  while  others  have  described  it  as  an 
island.  If  magnitude  be  the  distinction  between  continents  and 
islands,  it  is  difficult  to  say  whether  it  ought  to  be  considered 
as  belonging  to  one  or  the  other ; for  it  may  be  esteemed  with 
equal  propriety  the  smallest  of  the  continents  or  the  largest  of 
the  islands.  On  account  of  its  evident  connexion  with  the 
islands  by  which  it  is  surrounded,  it  may,  we  think,  be  classed 
with  that  group,  which  together  form  an  archipelago. 

If  the  outline  of  the  continents  and  islands  were  perfectly 
even,  few  other  terms  of  distinction  would  be  necessary  in 
physical  geography ; but  this  is  not  the  case,  for  the  land  is 
everywhere  more  or  less  indented,  the  indentations  being  either 
permanently  or  occasionally  occupied  by  water.  When  the 
ocean  extends  for  a considerable  distance  into  the  interior  of 
an  island  or  continent,  and  has  in  proportion  to  other  internal 
bodies  of  water  a considerable  extent,  it  is  called  an  inland  sea ; 
such  is  the  Adriatic,  the  White  Sea,  and  the  Mediterranean. 
When  the  surface  of  an  inland  body  of  water  is  less,  and  the 
opening  by  which  it  is  connected  with  the  ocean  wider,  it  is 
called  a gulf  or  bay ; and  when  still  smaller,  and  nearly  sur- 
rounded by  land,  it  is  called  a port,  creek,  or  road,  according  to 
its  extent.  It  will  be  evident  that  the  names  given  to  these 
masses  of  water  depend  upon  their  proportions  in  relation  to 
each  other,  and  the  definitions  must  consequently  appear  ex- 
ceedingly vague  ; but  it  would  be  difficult  to  give  them  a more 
particular  application,  and  it  must  be  acknowledged  that  they 
are  generally  adequate  for  practical  purposes.  The  same 
remark  applies  to  those  small  masses  of  land  which  project  into 
the  ocean.  A peninsula  is  a neck  of  land  which  enters  the  sea, 
and  is  connected  with  a continent  or  island  by  only  a narrow 
surface.  The  smaller  projections  are  called  capes,  promon- 
tories, or  points,  according  to  their  size. 

The  surface  of  the  land  varies  in  elevation  as  well  as  in  its 
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horizontal  form,  and  this  circumstance  produces  the  necessity  of 
adopting  other  distinctive  terms.  We  have  consequently  moun- 
tains, hills,  plains,  and  valleys,  as  descriptive  of  the  various 
elevations  of  the  solid  portions  of  the  earth’s  surface.  There 
are  also  terms  to  distinguish  the  circumstances  under  which 
water  is  sometimes  found,  such  as  springs,  rivers,  and  cataracts. 

CONTINENTS. 

The  old  continent,  or  world,  as  it  is  usually  called,  which 
comprehends  the  three  great  divisions,  Europe,  Asia,  and  Africa, 
has  a general  direction  from  south-west  to  north-east,  but,  ex- 
cluding Africa,  is  nearly  parallel  to  the  equator.  The  new 
world,  which  lies  in  the  western  hemisphere,  and  includes 
North  and  South  America,  lies  in  a nearly  north  and  south 
direction.  The  longest  line  that  can  be  drawn  across  the  old 
world  would  commence  on  the  western  coast  of  Africa,  near 
Cape  Verde,  and  terminate  on  the  shore  of  Behring’s  Strait,  on 
the  north-east  coast  of  Asia,  and  would  measure  about  eleven 
thousand  miles.  A similar  line  over  the  new  world  would 
have  its  direction  from  the  strait  of  Terra  del  Fuego  to  the 
arctic  shore  of  North  America.  Its  length  would  be  about  nine 
thousand  miles. 

The  continents  have  several  features  in  common;  a fact  which 
seems  to  indicate  that  some  universal  agent  was  active  at  the 
period  of  their  formation.  All  the  peninsulas,  with  the  excep- 
tion of  two,  one  in  each  world,  have  a southerly  direction.  The 
exceptions  are  the  peninsula  of  Yucatan,  in  Mexico,  and  Jutland, 
in  north-western  Europe.  There  is  also  a similarity  between  the 
two  great  divisions,  in  the  union  of  continents,  and  the  manner  in 
which  that  union  is  completed.  North  and  South  America, 
forming  the  new  world,  are  connected  by  the  Isthmus  of  Darien. 
The  old  world  may  be  considered  as  though  divided  into  two 
parts,  the  western  including  Europe  and  Africa,  the  eastern 
Asia  and  Australia  ; the  fonner  are  united  by  the  Isthmus  of 
Suez,  and  the  latter  by  the  islands  of  Java  and  Sumatra,  and 
others,  which  form  as  it  were  a broken  isthmus.  In  these  par- 
ticulars there  is  a great  resemblance  between  the  old  and  new 
worlds ; but  there  are  many  points  in  which  they  differ 
from  each  other,  and  particularly  in  the  form  of  their  coasts. 
The  coasts  of  the  old  world,  excepting  Africa,  which  is  singu- 
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larly  even,  are  deeply  indented ; gulfs,  bays,  and  inland  seas, 
giving  a constant  character  to  every  shore  ; but  on  the  western 
side  of  the  new  world  there  is  only  one  considerable  inlet,  the 
Gulf  of  Carpentaria. 

MOUNTAINS. 

The  elevations  upon  the  surface  of  the  earth  are  known  as 
mountains  or  hills.  The  distinction  between  these  is  not  so 
definite  as  might  be  desired;  for  if  we  were  to  attempt  an 
explanation  of  what  is  meant  by  a hill,  we  could  only  say,  an 
elevation  less  than  a mountain.  There  is  in  fact  no  height  at 
whicli  the  elevation  ceases  to  be  a hill  and  becomes  a mountain. 
The  terms  are  relative,  and  every  observer  must  decide  for  him- 
self whether  the  one  or  the  other  should  be  employed.  It  is 
necessary  to  observe  that  a distinction  must  be  made  between  a 
plateau  and  a mountain.  A plateau  is  an  upland  plain,  and  is 
generally  situated  in  the  centre  of  a continent  or  island.  In 
South  America  these  plains  are  exceedingly  numerous,  and 
have  a considerable  elevation ; but  as  they  are  often  quite  level, 
the  inhabitants  have  not  the  slightest  idea  of  their  height.  The 
plain  which  surrounds  the  mountain  Antisama  occupies  a 
surface  of  twelve  leagues,  and  is  13,461  feet  above  the  level 
of  the  sea. 

Mountains  present  a great  variety  of  forms.  Some  are  bold 
and  rugged,  with  vast  precipitous  projections  that  assume  a 
highly  romantic  appearance ; others  are  marked  by  a smooth- 
ness or  tameness  of  outline.  Some  appear  as  though  they  had 
been  formed  by  the  heaping  up  of  immense  crystals  confusedly 
upon  each  other,  and  others  as  though  they  had  been  produced  by 
the  ejection  of  igneous  rocks  in  a liquid  state.  These  and  other 
forms  may  be  traced  to  the  existence  and  operation  of  geological 
causes.  Mountains  consisting  of  granite  are  generally  lofty  and 
rugged  ; of  gneiss,  projecting  but  less  precipitous.  Some  of  the 
highest  summits  in  the  new  world  consist  of  old  volcanic  rocks ; 
— Chimborazo  and  Antisama  are  capped  with  vast  masses  of 
porphyry  ; but  the  highest  mountains  of  the  old  continent  are 
composed  of  granite.  A geologist  accustomed  to  examine  the 
primitive  rocks  may  often  detect  the  presence  of  a particular 
rock  by  the  appearance  of  a district,  in  the  same  manner  as  a 
less  experienced  observer  would  by  the  form  of  the  hiUs  con- 
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vince  himself,  even  at  a distance,  that  he  was  approaching  a 
chalk  district. 

Mountains  have  always  a greater  declivity  on  one  side  than 
on  others,  and  generally  that  which  is  nearest  to  the  sea  is  the 
most  steep.  The  Alps  have  a much  more  abrupt  descent  on  the 
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Italian  than  on  the  Swiss  side ; the  Himalaya  mountains  are 
steepest  on  the  south-west,  and  the  Elboors  on  that  side  nearest 
the  Caspian  sea  ; and  Mount  Taurus,  in  Armenia,  has  its 
greatest  descent  on  the  north  side,  but  near  to  the  Mediterra- 
nean on  the  south.  Almost  every  other  mountain  of  consider- 
able elevation  will  give  evidence  of  the  same  fact.  It  is  also 
worthy  remark  that  the  most  elevated  mountains  are  commonly 
situated  in  the  interior  of  the  countries  in  which  they  oceur, 
and  gradually  decrease  in  height  as  they  approach  the  sea. 
There  are  however  some  exceptions,  and  there  is  a very 
remarkable  one  in  the  mountains  of  Spain,  which  increase  in 
height  near  the  bay  of  Biscay  ; so  that  Bilboa,  a sea-port,  is 
actually  surrounded  by  mountains. 

A series  of  mountains  having  the  same  base  is  called  a chain; 
thus  we  speak  of  the  Uralian,  Alpine,  or  Caucasian  chain.  But 
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when  these  chains  are  united  together,  they  are  called  a system. 
The  American  mountains,  for  instance,  are  spoken  of  generally 
as  the  system  of  the  Andes.  But  some  mountains  are  insulated, 
as  are  many  of  those  in  China  and  in  Iceland,  and  also  the  rock 
of  Gibraltar.  Terms  do  not  always  have  the  same  confined 
acceptation  in  science  as  they  would  if  employed  in  common 
use,  and  this  frequently  leads  the  student  into  error.  A chain 
of  mountains  does  not  necessarily  mean  a series  of  elevations 
situated  in  the  same  line.  Some  chains  have  this  arrangement, 
as  the  Cordilleras  des  Andes;  but  the  term  is  applied  to  a 
number  of  mountains  thrown  otf  from  a common  centre  in 
different  directions,  or  to  the  inferior  ranges  which  often  branch 
in  great  numbers  from  an  elevated  central  district. 

We  must  now  close  our  remarks  upon  mountains,  with  a 
short  and  general  outline  of  the  important  discoveries  made  by 
M.  Elie  de  Beaumont.  In  the  last  chapter,  an  attempt  was 
made  to  explain  the  manner  in  which  geologists  determine  the 
age  of  rocks,  and  the  periods  when  they  were  elevated.  M . de 
Beaumont  has  adopted  the  same  means  to  discover  the  periods 
when  mountains  were  formed,  and  from  his  observations  has 
deduced  some  principles  which  are  worthy  the  closest  exami- 
nation of  the  geographer  and  geologist.  It  may  require  a 
considerable  period  of  time  to  determine  how  far  we  may 
receive  some  of  his  deductions;  but  there  are  others  which  are 
now  susceptible  of  a demonstration  as  rigid  as  many  acknow- 
ledged geological  principles.  There  are  four  statements  upon 
which  all  M.  de  Beaumont’s  theoretical  opinions  are  founded. 
The  statements  themselves  may  be  considered  hypothetical 
by  some  writers ; but  if  they  are  so,  they  are  supported  by 
evidence  much  stronger  than  that  upon  which  theories  are 
usually  built. 

1.  There  have  been,  from  the  earliest  geological  era,  long 
periods  of  comparative  repose,  during  which  rocks  have  been 
formed  by  aqueous  causes  in  the  same  manner  as  they  are  in 
the  present  day. 

2.  These  periods  have  been  disturbed  by  intervals  of  violent 
paroxysmal  action,  and  at  such  times  mountains  have  been 
elevated. 

3.  All  the  mountains  formed  during  the  same  interval,  in 
whatever  part  of  the  world  they  may  be  situated,  have  the 
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same  direction, — that  is  to  say,  they  are  parallel  to  each  other 
within  a few  degrees  of  the  compass. 

4.  Chains  produced  at  different  times  have  different  direc- 
tions. 

There  are  few  if  any  geologists  in  the  present  day  who  will 
deny  the  first  proposition,  that  the  aqueous  rocks  of  the  earth’s 
crust  were  produced  by  causes  resembling  those  which  are  now 
instrumental  in  forming  similar  deposits.  But  there  is  not  so 
great  a unanimity  of  opinion  concerning  the  second  statement; 
for  it  has  been  maintained  that  no  such  intervals  have  occun-ed ; 
but  that  strata  have  been  occasionally  disturbed  by  forces  equal 
and  similar  to  the  volcanic  force  of  the  present  day,  and  that  a 
series  of  the  convulsions  have  produced  mountains. 

Mr.  Lyell  differs  from  M.  de  Beaumont  on  this  subject,  hut 
the  terms  of  his  objection  do  not  appear  to  us  so  sound  as  might 
be  expected  from  a geologist  of  such  acuteness  and  research. 
“ The  geologist,”  he  says,  “ who  assumes  that  continents  and 
mountain  chains  have  been  heaved  up  suddenly  by  paroxysmal 
v iolence,  may  be  considered  as  pledging  himself  to  the  opinion 
that  the  accumulated  effects  of  ordinary  volcanic  forces  could 
never,  in  any  series  of  years,  produce  appearances  such  as  we 
witness  in  the  earth’s  crust.  Time  and  the  progress  of  science 
can  only  decide  whether  such  an  assumption  is  warranted;  or 
whether,  on  the  contrary,  it  does  not  spring  from  two  sources 
of  prejudice  : first,  the  difficulty  of  conceiving  the  aggregate 
results  of  a great  number  of  minor  convulsions  ; secondly,  the 
habit  of  viewing  geological  phenomena  without  any  desire  tc 
explain  them  as  the  effects  of  moderate  forces,  such  as  we  know 
to  act,  instead  of  that  intense  degree  of  energy,  the  occasional 
development  of  which,  however  possible,  is  entirely  conjec- 
tural.” 

There  are  many  geologists  who  have  confessed  their  con- 
viction that  the  volcanic  force,  as  exhibited  in  its  effects  at 
the  present  time,  could  not  have  produced  such  appearances  as 
we  witness  in  the  earth’s  crust ; and  by  so  doing  they  pledge 
themselves  to  hold  that  opinion  until  they  are  convinced  that  it 
is  erroneous.  If  theii’  opinion  be  founded  on  an  assumption,  it 
cannot  be  more  violent  than  that  admitted  by  Mr.  Lyell,  and 
those  who  agree  with  him.  But  Mr.  LyeU  attempts  to  account 
for  the  opinions  of  those  who  have  upon  this  subject  arrived  at 
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a conclusion  opposed  to  his  own.  As  one  reason,  he  states, 
that  we  have  “the  habit  of  viewing  geological  phenomena, 
without  any  desire  to  explain  them  as  the  effects  of  moderate 
forces,  such  as  we  know  to  act.”  If  this  he  the  cause  of  our 
peculiar  opinions  in  this  matter,  it  is  a better  evidence  of  their 
accuracy  than  of  their  falsehood ; for  in  all  philosophical 
inquiries  the  mind  should  be  divested  of  partiality  to  pre- 
conceived opinions,  and  judge  of  causes  by  the  nature  and 
extent  of  the  effects.  The  other  reason  assigned  for  our 
conclusions,  is  the  difficulty  we  have  found  “ of  conceiving 
the  aggregate  results  of  a great  number  of  minor  revolu- 
tions.” In  this  there  is  some  degree  of  egotism,  for  we  may 
have  rightly  conceived  the  effects  that  would  be  produced 
by  a number  of  minor  revolutions,  though  that  conception 
does  not  agree  with  the  one  formed  by  our  opponents.  To 
defend  the  supposition  that  the  mountain  chains  were  elevated 
by  a paroxysmal  force,  rather  than  a series  of  minor  convul- 
sions, would  lead  us  to  a series  of  arguments  which  must  be 
extended  to  a much  greater  length  than  our  now  limited  space 
would  admit ; and  it  would  be  necessary,  for  those  who  main- 
tain an  opposite  opinion,  to  state  first  of  all,  whether  the  series 
of  forces  mentioned  by  them  had  at  all  times  the  same  degree 
of  intensity,  or  were  in  this  particular  as  variable  as  at  the 
present  moment. 

Mr.  Lyell,  however,  gives,  in  another  part  of  his  “ Principles 
of  Geolog}',”  a more  definite  view  of  his  objection  to  Beaumont’s 
theory.  In  determining  the  period  of  a disturbance  or  an 
elevation,  it  is  of  course  only  possible  to  state  that  it  happened 
during  an  interval  anterior  to  one  event  and  posterior  to  another, 
and  that  interval  may  have  been  an  instant  or  a protracted 
period  of  time.  Mr.  Lyell  assumes  that  the  periods  of  revo- 
lution were  of  considerable  duration,  and  that  successive  opera- 
tions of  the  volcanic  force  produced  the  mountain  chains.  This 
opinion  is  evidently  maintained  as  consistent  with  his  theoretical 
opinions  in  general ; for  in  another  place  he  says — “ Before  we 
can  reasonably  attribute  extraordinary  energy  to  any  known 
cause,  we  must  be  sure  that  its  usual  force  would  be  inade- 
quate, though  exerted  for  indefinite  ages,  to  produce  the  effects 
required,”  This  might  be  done,  we  think,  by  comparing  the 
present  condition  of  rocks  forming  mountains  with  what  might 
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be  supposed  to  result  from  a long- continued  operation  of  a 
cause  not  more  violent  than  that  which  is  now  active.  But 
this  is  more  than  can  be  required  of  those  who  believe  continents 
and  mountain  chains  to  have  been  produced  by  a sudden 
paroxysmal  force.  It  is  sufficient  to  know  that  the  volcanic 
cause  has  not,  within  the  period  of  history,  produced  any  effect 
that  bears  an  analogy  to  those  of  which  we  have  been  speaking; 
for  it  has  only  thrown  up  a few  isolated  cones,  and  in  one  or  two 
instances  raised  a district  to  an  insignificant  height.  Compare 
all  that  has  been  effected  by  volcanic  forces  since  the  com- 
mencement of  this  era,  or  what  they  may  be  expected  to  do  if 
that  era  be  extended  for  thousands  of  ages  to  come,  with  the 
meanest  mountain  chain,  and  then  say  whether  the  ordinary 
volcanic  forces,  acting  for  any  series  of  years,  could  have  pro- 
duced them. 

The  other  statements  made  by  M.  de  Beaumont,  that  chains 
elevated  at  the  same  period  have  the  same  direction,  and  that 
chains  of  different  ages  are  not  parallel,  must  be  submitted  to 
the  test  of  very  extensive  and  accurate  observations. 

We  may  close  these  remarks  with  an  extract  from  M.  de 
Beaumont’s  own  paper  on  the  subject.  “ The  fact  of  a general 
uniformity  in  the  direction  of  all  the  beds  upheaved  at  the 
same  epoch,  and  consequently  in  the  crests  formed  by  these 
beds,  is  perhaps  as  important  in  the  study  of  mountains  as  the 
independence  of  successive  formations  is  in  the  study  of  super- 
imposed beds.  The  sudden  change  of  direction, in  passing  from 
one  gi’oup  to  another,  has  permitted  European  mountains  to  be 
divided  into  a certain  number  of  distinct  systems,  which  pene- 
trate and  sometimes  cross  each  other,  without  becoming  con- 
founded. I have  recognised  from  varinns  examples,  of  which 
the  number  now  amounts  to  twelve,  that  there  is  a coincidence 
between  the  sudden  changes  established  by  the  lines  of  demar- 
cation observed  in  certain  consecutive  stages  of  the  sedimentary 
rocks,  and  the  elevation  of  the  beds  of  the  same  number  of 
mountain  systems. 

“ Pursuing  the  subject  as  far  as  my  means  of  observation 
and  induction  will  permit,  it  has  appeared  to  me  that  the 
different  systems,  at  least  those  which  are  at  the  same  time  the 
most  striking  and  recent,  are  composed  of  a certain  number  of 
small  chains,  ranged  parallel  to  the  demi-circumference  of  the 
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surface  of  tire  globe,  and  occupying  a zone  of  much  greater 
length  than  breadth,  and  of  which  the  length  embraces  a 
considerable  fraction  of  one  of  the  great  circles  of  the  terrestrial 
sphere.  It  may  be  observed  respecting  the  hypothesis  of  each 
of  these  mountain  systems  being  the  product  of  a single  epoch 
of  dislocation,  that  it  is  easier  geometrically  to  conceive  the 
manner  in  which  the  solid  crust  of  the  globe  may  be  elevated 
into  ridges  along  a considerable  portion  of  one  of  its  great  circles, 
and  that  a similar  effect  may  have  been  produced  in  a more 
restricted  space. 

“ How  well  soever  it  may  be  established  by  facts,  the  assem- 
blage of  which  constitutes  positive  geology,  that  the  sui-face  of 
the  globe  has  presented  a long  series  of  tranquU.  periods,  each 
separated  from  that  which  followed  it  by  a sudden  and  violent 
convulsion,  in  which  a portion  of  the  earth’s  crust  was  dislo- 
cated— that,  in  a word,  this  surface  was  ridged  at  intervals  in 
different  directions — the  mind  would  not  rest  satisfied,  if  it 
did  not  perceive  among  those  causes  now  in  action,  an  element 
fitted  from  time  to  time  to  produce  disturbances  different 
from  the  ordinary  march  of  the  phenomena  which  we  now 
witness. 

“ The  idea  of  volcanic  action  naturally  presents  itself  when 
we  search,  in  the  existing  state  of  things,  for  a term  of  com- 
parison with  these  great  phenomena.  They  nevertheless  do 
not  appear  susceptible  of  being  referred  to  volcanic  action,  unless 
we  define  it,  with  M.  de  Humboldt,  as  being  the  influence  exer- 
cised by  the  interior  of  a planet  on  its  exterior  covering,  during 
its  different  stages  of  refrigeration.” 

Having  explained  the  appearance  and  origin  of  mountains,  it 
would  be  necessary  to  refer  to  the  probable  formation  of  valleys, 
had  we  not  already  made  some  remarks  upon  this  subject. 
Valleys  have  been  produced  in  two  ways,  by  elevation  and  by 
denudation ; the  former  being  generally  the  deeper  and  the 
more  precipitous.  The  spaces  occupied  by  the  ocean  are,  in 
fact,  valleys,  and  the  continents  are  but  mountain  chains.  The 
sea,  however,  has  not  a uniform  depth,  but  its  basin  is  diver- 
sified by  elevations  and  degressions  in  the  same  manner  as  the 
dry  land. 

Valleys  which  separate  high  mountains  are  usually  long  and 
narrow,  having  frequently  their  salient  and  re-entrant  angles  so 


318 


CAVERNS. 


perfectly  formed,  that  the  sides  would  correspond  if  brought 
together.  Instances  of  this  have  been  observed  in  both  tins 
Alps  and  the  Pyrenees. 


CAVERNS. 

There  may  be  sometimes  a difficulty  in  explaining  the  origin 
of  those  fissures  and  cavities  which  so  frequently  intersect  strata, 
and  are  especially  numerous  in  mountainous  countries,  and  in 
limestone  rocks.  They  may,  however,  be  usually  traced  to  the 
sinking  or  elevation  of  strata  by  volcanic  forces,  or  to  the  action 
of  water.  Some  singular  theories  have  been  proposed  to  account 
for  the  formation  of  caverns;  and  we  remember  one  that  assumes 
their  elevation  by  the  expansion  of  gases  given  off  by  dead 
bodies  buried  in  the  strata.  Caverns  generally  consist  of  a series 
of  galleries  and  apartments,  to  which  the  first  open  space  is 
but  the  vestibule.  Rivers  take  their  rise  in  some  caverns,  and 
in  others  they  are  lost.  But  this  is  not  the  only  proof  of  the 
existence  of  subterranean  waters,  for  we  are  assured  of  the  fact 
by  the  phenomena  which  attend  the  activity  of  the  volcanic 
force,  by  springs  and  other  appearances.  It  is  stated  by  a 
traveller,  that  in  some  of  the  caverns  of  Norway  the  roar 
of  the  subterranean  torrents  may  be  heard  as  they  bound 
along  their  contracted  channels,  beneath  the  floor  of  their 
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gloomy  recesses.  A rivulet  flows  through  the  Peak  Cavern  in 
Derbyshire.  The  entrance  to  this  beautiful  cave  is  a deep 
depressed  arch,  120  feet  wide,  and  40  feet  high ; the  cave  itself 
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is  about  800  yards  in  length.  From  some  caverns,  that  of  Mount 
Eoto,  near  Turin,  for  example,  an  intensely  cold  wind  pro- 
ceeds ; and  others  give  out  malignant  vapours  The  roofs  of 
some  are  covered  with  stalactites,  pendent  masses  of  calcareous 
matter,  presenting  singularly  fantastic  forms.  The  Grotto  of 
Antiparos,  situated  in  an  island  of  the  same  name,  one  of  the 
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Cyclades,  has  been  long  celebrated  for  the  variety  and  beauty 
of  the  incrustations  which  cover  its  ceiling,  walls,  and  floors. 

SPRINGS. 

Springs,  which  frequently  give  birth  to  rivers  and  lakes,  are 
found  in  nearly  all  districts.  There  is  no  class  of  natural 
appearances  that  presents  more  varied  and  interesting  pheno- 
mena, and  few  that  more  deserve  the  attention  of  the  geogra- 
pher. Springs  which  are  constantly  flowing,  without  any 
apparent  diminution  of  quantity,  are  called  perennial ; others 
are  called  periodical.  An  intermitting  spring  is  one  that  flows 
at  fixed  intervals,  such  as  that  at  Como,  in  Italy,  described  by 
Pliny,  which  rises  and  falls  every  hour ; and  that  at  Colrnars, 
in  Provence,  which  rises  eight  times  in  an  hour.  There  are 
also  some  spouting  springs,  such  as  those  of  Iceland,  which  rise 
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to  a great  height ; and  the  phenomenon  is  probably  produced  by 
the  fall  or  pressure  of  the  water  contained  in  a reservoir  at  a 
considerable  elevation  above  the  aperture  from  which  the  water 
is  thrown.  Many  springs  are  undoubtedly  connected  with  the 
sea,  for  they  rise  and  fall  with  it : this  is  the  case  with  nearly 
all  those  in  Greenland. 

If  we  turn  from  modem  to  ancient  records,  still  more  remark- 
able statements  in  relation  to  springs  will  be  discovered,  but 
there  are  few  of  them  that  command  belief.  The  Greeks, 
whose  warm  and  vivid  imaginations  gathered  flowers  of  luxu- 
riant beauty  from  every  walk  in  the  garden  of  nature  with 
which  fancy  wrought  a garb  to  cover  ignorance,  were  never 
weary  of  tracing  the  history  of  their  fountains,  and  the  deities 
who  presided  over  them.  There  were  some  springs  that  caused 
death,  some  leprosy,  and  some  gave  the  power  of  prophecy  : 
oblivion  was  the  result  of  tasting  the  waters  of  some ; and  the 
mystic  stream  of,  Arethusa  gave  beauty.  The  man  who  has 
devoted  any  time  to  the  perusal  of  the  writers  of  antiquity, 
and  stored  his  mind  with  the  fable  and  imagery  which  give 
life  and  energy  to  all  their  descriptions,  can  hardly  fail,  when 
he  thinks  of  the  natural  appearances  that  prompted  them,  to 
recal  to  mind  the  impressions  which  the  first  pemsal  could  not 
have  failed  to  produce. 

No  one  theory  is  sufficient  to  account  for  all  the  singular 
appearances  presented  by  springs,  though  it  is  probable  that 
some  one  cause  is  more  active  than  others,  and  may  be  the 
general  agent,  while  others  modify  its  results.  Some  persons 
have  attributed  springs  to  the  passage  of  water  from  the  sea 
along  subtervanean  channels  into  elevated  natural  reservoirs. 
But  as  water  cannot  ascend  above  its  level,  this  theory  cannot 
account  for  any  of  those  springs  which  are  situated  above  the 
level  of  the  ocean,  and  consequently  the  doctrine  of  capillary 
attraction  has  been  called  in  to  aid  the  hypothesis.  It  is  well 
known  that  water  will  ascend  small  tubes  and  threads  to  a con- 
siderable height  above  its  ordinary  elevation,  and  it  has  been 
supposed  that  such  forms  may  exist  in  the  interior  of  the  earth, 
and  the  water  be  thus  raised  above  its  level.  But  this  theory 
cannot  assist  the  speculator,  because  a liquid  does  not  flow 
through  a capillary  tube,  though  it  may  be  raised  in  it  beyond 
the  ordinary  level.  There  is  no  doubt  that  many  springs  have 
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their  reservoirs  at  an  immense  depth  below  the  surface  of  the 
ground  from  which  the  water  is  thrown ; and  it  is  more  than 
possible  that  the  water  may  be  raised  by  the  pressure  of  con- 
fined vapours,  which,  struggling  for  enlargement,  force  it 
through  the  fissures  connected  with  its  reservoirs.  Dr.  Hutton 
attributes  springs  to  the  percolation  of  water  through  rocks  into 
natural  cisterns,  from  which  it  is  discharged  at  a level  lower 
than  that  of  its  collected  volume.  There  are  many  perennial 
springs  in  mountainous  regions,  and  there  is  perhaps  no  other 
theory  than  this  that  will  account  for  them.  The  fall  of  rain, 
and  the  melting  of  snow  upon  the  summits  of  mountains,  pro- 
duce a considerable  body  of  water,  part  of  which  penetrates 
the  permeable  strata,  and  is  thrown  again  to  the  surface  at  a 
lower  elevation  along  some  fissure,  or  in  the  line  of  stratifica- 
tion. 


GLACIERS. 

The  snow  that  falls  upon  the  summit  of  mointains  accumu- 
lates rapidly,  and  by  its  own  weight,  assisted  by  thaws  and 
frost,  is  consolidated  in  masses  of  great  thickness.  Such 
masses  are  called  glaciers,  and  are  found  on  the  upper  portions, 
and  between  the  caps,  of  all  lofty  mountains.  The  appear- 
ance of  a glacier  must  depend  upon  the  circumstances  under 
which  it  may  be  formed.  Thus,  if  it  were  possible  to  imagine 
the  ocean  ruffled  by  a gentle  breeze  and  consolidated,  or  a 
boundless  mirror  of  ice,  the  reader  might  have  some  idea  of  the 
forms  in  which  a glacier  is  presented  to  the  eye  of  the  tra- 
veller ; but  nothing  less  than  the  view  can  give  him  an  ade- 
quate conception  of  the  wonderful  scene,  or  the  amazement,  if 
not  the  terror,  with  which  the  appearance  is  first  beheld.  The 
traveller,  as  he  passes  over  the  mighty  frozen  ocean,  may  well 
imagine  that  he  feels  the  billows  swelling  beneath  his  feet ; he 
stands  in  a new  world,  surrounded  by  new  scenes ; no  living 
object  is  there,  and  no  sound  except  his  own  enfeebled  voice,  and 
the  detonations  of  the  ice  as  it  tumbles  in  fragments  down  the 
yawning  precipice  ; not  a flower  or  a tree  can  be  seen,  except 
the  lonely  pine,  which  seems  to  be  left  to  mourn  over  the  grave 
of  nature.  But  even  this  desolate  region  has  its  use  in  the 
economy  of  nature ; for  it  is  the  reservoir  of  those  springs  which 
distribute  fertility  through  the  plains,  and  gives  that  in  gentle 
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streams  which  would  otherwise  rush  headlong  in  its  fury  to  the 
valleys,  and  leave  ruin  and  desolation  in  its  path. 

RIVERS. 

Rivers  generally  take  their  rise  in  mountainous  countries, 
from  the  melting  of  ice  or  from  springs.  When  the  fall  of  the 
water  is  gentle,  the  stream  is  called  a rivulet ; when  violent, 
a torrent.  Nothing  adds  more  to  the  romantic  character  of  a 
mountainous  district  than  a torrent  tumbling  from  declivity  to 
declivity  with  accumulating  velocity  and  fearful  noise.  The 
union  of  these  streams  produces  rivers,  and  they,  after  passing 
over  a greater  or  less  extent  of  country,  generally  discharge 
themselves  into  either  the  sea  or  some  large  inland  lake.  As 
springs  are  most  abundant  in  mountains,  rivers  usually  take 
their  rise  in  elevated  districts,  and  the  largest  rivers  in  moun- 
tain chains.  Every  ridge  of  high  land  running  through  a con- 
tinent or  a country  may  therefore  be  considered  as  the  origin  of 
rivers ; for  on  each  side  it  pours  forth  the  refreshing  streams 
which  meander  through  the  vales,  and,  having  performed  their 
destiny,  discharge  their  surplus  water  into  the  ocean,  from  which 
it  wUl  be  again  raised  by  the  process  of  evaporation,  and,  when 
collected  round  some  mountain’s  brow,  be  again  condensed  and 
perform  a similar  duty  in  the  same  or  some  other  channel. 

The  beds  of  rivers  have  been  sometimes  formed  by  the  action 
of  water,  and  at  other  times  by  the  paroxysmal  revolutions  to 
which  we  have  referred.  It  is  evident,  however,  that  if  there 
were  no  declivities  there  could  be  no  rivers.  A body  of  water 
would  not  move  in  one  direction  more  than  another  over  a 
perfectly  smooth  plain,  but  diffuse  itself  over  the  entire  space, 
having  at  each  pai-t  precisely  the  same  depth.  Water,  there- 
fore, must  be  directed  into  some  declivity  before  it  can  have  a 
collected,  and  consequently  abrading,  force ; but  when  it  has  once 
obtained  a momentum,  it  throws  itself  forward,  and  particularly 
if  its  volume  be  large,  with  tremendous  force,  scooping  out  for 
itself  a channel.  Generally  speaking,  the  mouths  of  rivers  are 
considerably  lower  than  their  sources ; but  this  is  not  always 
the  case,  for  the  sources  of  many  of  the  large  rivers  in  European 
Russia  are  very  little  above  the  level  of  the  Baltic.  The 
rapidity  of  a river  does  not  entirely  depend  upon  its  declivity, 
but  on  this  combined  with  the  volume  of  its  water,  and  the 
momentum  it  possesses  at  its  source.  The  bed  of  the  Danube 
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is  not  so  inclined  as  that  of  the  Rhine,  yet,  in  consequence  of 
its  greater  volume  of  water,  it  is  more  rapid.  The  declivity  of 
the  Amazon  is  not  more  than  one-twenty-seventh  of  an  inch 
to  every  thousand  feet,  and  yet  its  momentum  is  great ; and 
the  Seine,  between  Valvais  and  Sevres,  has  a declivity  of  but 
one  foot  to  sixty-six  thousand  feet  of  its  course. 

Rivers  may  discharge  themselves  into  the  sea  or  lakes, 
or  they  may  be  lost  among  marshes.  Previously  to  Lander’s 
voyage  down  the  Niger,  that  river  was  supposed  to  lose 
itself  in  marshes,  after  running  through  an  immense  tract  of 
country ; and  it  has  been  proved  by  Sturt,  that  this  is  the  fate 
of  many  of  the  rivers  of  Australia.  Some  rivers  discharge 
themselves  into  lakes ; as,  for  instance,  those  that  flow  into  the 
Caspian,  and  the  Murray,  which  terminates  in  the  Lake  Alex- 
andrina.  But  by  far  the  largest  number  of  rivers  enter  the 
sea;  and  the  phenomena  produced  by  the  mingling  of  the 
waters,  each  having  a force  of  its  own,  are  sometimes  very 
remarkable.  When  the  mouth  of  a river  is  large,  it  may 
quietly  throw  its  water  into  the  sea ; but  if  narrow,  a violent 
struggle  ensues  between  the  tide  of  the  one  and  the  current  of 
the  other.  To  this  circumstance,  the  bars  wdiich  are  frequently 
formed  across  the  mouths  of  large  rivers  may  be  attributed. 
Travellers  have  spoken  of  the  terrific  spectacle  produced  when 
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the  tide  of  the  Atlantic  meets  the  current  of  the  Amazon. 
It  is  like  the  conflict  of  giants — the  earth  trembles  with  the 
roar  of  the  billows — and  man  flies  in  terror  from  the  scene  of 
encounter.  y 2 
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Some  rivers  have  but  one  communication  with  the  sea,  others 
discliarge  themselves  through  several  channels.  The  Ganges 
has  not  less  than  eight,  each  of  which  appears  to  have  been  at 
some  time  or  other  the  principal.  This  mighty  river  receives 
the  water  of  several  tributaries  as  large  as  the  Rhine,  and  its 
source  has  an  elevation  of  13,800  feet  above  the  level  of  the 
sea. 

Some  rivers,  especially  those  situated  between  the  tropics, 
have  a periodical  rise.  This  was  observed  by  the  ancients  in 
the  instance  of  the  Nile,  and,  as  no  rain  falls  in  Egypt,  they 
could  only  consider  it  as  one  of  the  mysteries  of  nature,  and 
supply  the  place  of  truth  with  fable.  All  rivers  thus  situated 
are  liable  to  these  overflows ; but  the  degree  and  period  depend 
upon  local  circumstances,  though  they  are  in  all  instances 
caused  by  the  seasonal  rains  which  fall  in  tropical  countries. 
When  the  thirsty  earth,  burnt  up  with  the  heat  of  a meridian 
sun,  has  been  saturated  with  the  descending  torrents  of 
rain,  the  rivers  are  swollen,  and  overflow  their  banks,  not 
merely  in  those  places  where  the  rain  actually  falls,  but 
throughout  their  courses.  The  rise  of  the  Nile  is  occasioned 
by  the  rains  which  fall  on  the  mountains  in  the  interior  of 
Africa ; but  it  is  not  until  about  two  months  after  the  com- 
mencement of  the  rainy  season  that  the  overflow  reaches  that 
part  of  the  Nile  which  flows  through  Egypt ; and  it  then 
rapidly  quits  its  banks,  spreads  over  the  country,  and  gives  fer- 
tility to  a district  that  would  otherwise  be  as  desolate  and  barren 
as  the  deserts  by  which  it  is  bounded. 

CASCADES  AND  CATARACTS. 

When  rivers  flow  through  mountainous  countries,  they  are 
frequently  thrown  down  precipices  produced  by  the  dislocation 
of  rocks,  and  form  cascades  or  cataracts.  But  cataracts  are 
sometimes  formed  by  the  water  of  lakes  ; as  for  instance  those 
of  Niagara.  They  present  various  appearances,  according  to  the 
circumstances  under  which  they  are  projected  over  the  ledge  of 
rocks.  Sometimes  the  water  is  thrown  in  a broad  and  unbroken 
sheet ; sometimes  from  ledge  to  ledge,  presenting  alternately 
the  appearance  of  a slab  and  a wall ; sometimes  it  is  broken 
before  it  reaches  the  bottom,  and  is  dissipated  in  showers,  as 
that  of  Staubbach ; while  at  other  times  a fine  arch  of  water  is 
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formed,  under  which  the  traveller  may  pass  without  receiving 
a spray  from  the  descending  torrent.  But  the  most  picturesque 
cataracts  are  those  which  consist  of  large  bodies  of  water,  having 
a considerable  velocity,  and  discharge  themselves  between  pre- 
cipitous rocks : of  these  we  have  many  examples  in  Scotland, 
W ales,  and  the  north  of  England,  and  to  a few  of  them  we  may 
direct  the  attention  of  the  reader,  as  situations  where  the 
appearances  they  present  may  be  studied,  while  at  the  same 
time  beautifully  picturesque  scenery  may  be  enjoyed. 

Corra  Linn  is  a celebrated  waterfall  on  the  Clyde,  and  is 
calculated  to  be  eighty-four  feet  deep ; but  the  water  is  thrown 
over  in  three  distinct  sheets,  which  greatly  adds  to  the  beauty 
of  its  appearance  as  a natural  object,  and  illustrates  the  effects 
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of  water  upon  rocks.  Scotland  abounds  in  cataracts,  and 
some  of  them  are  remarkably  beautiful  : the  Fall  of  Bruar,  the 
Cascade  of  Glamma  in  Glen  Elchaig,  and  many  others,  have 
long  been  objects  of  interest.  But  the  fall  of  Fyers,  situated 
to  the  east  of  Loch  Ness,  is  the  largest  cascade  in  Scotland  : it 
descends  212  feet,  and  is  inclosed  by  broken  precipitous  rocks. 
In  Ireland,  there  are  also  some  remarkable  waterfalls,  one  of 
the  most  beautiful  of  which  is  that  of  Powerscourt,  in  Wick- 
low, a stream  that  flows  down  a steep  declivity  of  860  feet, 
amid  beautifully  variegated  woods. 

We  must  not  attach  too  much  importance  to  these  interest- 
ing appearances.  Being  usually  produced  by  the  dislocation  of 
rocks,  they  are  commonly  situated  in  districts  of  great  natural 
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sublimity,  and  to  the  lover  of  the  picturesque  are  objects  of 
great  interest ; but  it  is  quite  evident  that  they  are  not  of 
primary  importance  in  studying  the  distribution  of  land  and 
water. 

The  largest  and  noblest  cataract  in  the  world  is  that  of  Nia- 
gara, which  is  situated  in  a strait  of  the  same  name,  commu- 
nicating with  the  vast  Lake  Ontario.  The  following  account 
is  extracted  from  a paper,  by  Mr.  Ellicot,  published  in  the 
“American  Philosophical  Transactions”:  — “Lake  Erie  is 
situated  upon  horizontal  strata,  in  a region  elevated  about  three 
hundred  feet  above  the  country  which  contains  Lake  Ontario. 
The  descent  which  separates  the  two  countries  is  in  some  places 
almost  perpendicular,  and  the  immense  declivity  formed  by 
these  strata  occasions  both  the  cataract  of  Niagara  and  the 
great  falls  of  Cheneseco.  This  remarkable  precipice  generally 
runs  in  a south-western  direction  from  a place  near  the  bay  of 
Torento,  on  the  northern  side  of  Ontario,  round  the  western 
angle  of  the  lake  : from  thence  it  continues  its  course  generally 
in  an  eastern  direction,  crossing  the  strait  of  Niagara  and  the 
Cheneseco  river,  till  it  is  lost  in  the  country  towards  the  Se- 
neca lake.  The  waters  of  this  cataract  formerly  fell  from  the 
northern  side  of  the  slope  near  the  landing-place ; but  the 
action  of  such  a tremendous  column  of  water,  falling  from  such 
an  eminence  through  a long  succession  of  ages,  has  worn  away 
the  solid  stone  for  the  distance  of  seven  miles,  and  formed  an 
immense  chasm,  which  cannot  be  approached  without  horror. 
Down  this  awful  chasm  the  waters  are  precipitated  with  amaz- 
ing velocity,  after  they  make  the  great  pitch ; and  such  a vast 
torrent  of  falling  water  communicates  a tremulous  motion  to 
the  earth,  which  is  sensibly  felt  for  some  poles  round,  and  pro- 
duces a sound  which  is  frequently  heard  at  the  distance  of 
twenty  miles.  The  great  height  of  the  banks  renders  the  de- 
scent into  the  chasm  extremely  difficult ; but  a person,  after 
having  descended,  may  proceed  to  the  base  of  the  falls ; and  a 
number  of  persons  may  walk  in  perfect  safety  a considerable 
distance  between  the  precipice  and  the  descending  torrent ; and 
conversation  is  not  much  interrupted  by  the  noise,  which  is 
not  so  great  here  as  at  a distance.  A vapour,  or  spray,  of  con- 
siderable density,  resembling  a cloud,  continually  ascends,  in 
which  a rainbow  is  always  seen,  when  the  sun  shines  and  the 
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position  of  the  spectator  is  favourable.  In  the  winter  this 
spray  attaches  itself  to  the  trees,  where  it  is  congealed  in  such 
quantities  as  to  divest  them  of  their  branches,  and  produces  a 
most  beautiful  crystalline  appearance, — a circumstance  which 
attends  the  falls  of  Cheneseco,  as  well  as  those  of  Niagara.  A 
singular  appearance  is  observed  at  these  falls,  which  has  never 
been  noticed  by  any  writer.  Immediately  below  the  great  pitch, 
a commixture  of  foam  and  water  is  puffed  up  in  spherical  figures, 
about  the  size  of  a common  haycock.  They  burst  at  the  top, 
and  discharge  a column  of  spray  to  a prodigious  height ; they 
then  subside,  and  are  succeeded  by  others  which  exhibit  the 
same  appearance.  These  spherical  forms  are  most  conspicuous 
about  midway  between  the  west  side  of  the  strait  and  the 
island  which  divides  the  falls,  and  where  the  largest  column  of 
water  descends.  This  appearance  is  produced  by  the  ascension 
of  the  air,  which  is  carried  down  by  the  column  of  falling  water 
in  great  quantities  to  the  bed  of  the  river.  The  river,  at  the 
falls,  is  about  743  yards  wide  ; and  the  perpendicular  pitch  is 
150  feet  in  height.  In  the  last  half-mile,  immediately  above 
the  falls,  the  descent  of  the  water  is  58  feet ; but  the  difficulty 
which  would  attend  the  process  prevented  me  from  attempting 
to  level  the  rapids  in  the  chasm  below,  though,  from  conjec- 
ture, I concluded  that  the  waters  must  descend  at  least  sixty- 
five  feet.  From  these  results  it  appears  that  the  water  falls 
about  278  feet  in  the  distance  of  about  seven  miles  and  a 
half.” 

LAKES. 

Lakes  have  been  divided  into  four  classes,  and  under  one  of 
them  all  those  with  which  we  are  acquainted  may  be  conveni- 
ently arranged. 

The  first  class  includes  those  which  have  no  outlet,  and  do 
not  receive  any  running  water.  Many  of  these  are  situated  in 
elevated  districts,  and  are  generally  so  small  that  they  might  be, 
not  inappropriately,  called  pools.  It  has  been  supposed  that 
they  are  the  craters  of  extinct  volcanoes,  and  are  supplied  by 
springs  ; a supposition  not  at  all  improbable.  They  all  increase 
and  decrease  with  changes  in  the  atmosphere. 

The  second  class  comprises  those  which  receive  water,  but 
have  no  outlets.  The  Caspian  and  Lake  Aral  belong  to  this 
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division.  The  Caspian  is  about  600  miles  long,  and  its  extreme 
breadth  800,  though  its  average  breadth  is  not  more  than  100 
miles.  This  most  remarkable  lake  receives  the  waters  of  the 
Volga,  a river  which  has  a course  of  about  2000  miles,  flowing 
through  European  and  a part  of  Asiatic  Russia,  and  brings 
down  more  than  518,000,000  of  cubic  feet  every  hour.  The 
Ural,  the  Yaik,  the  Kur,  and  many  other  streams  of  consider- 
able magnitude,  are  also  received  by  the  Caspian ; but  its  level 
is  not  changed,  though  it  has  no  perceptible  outlet  by  which  to 
discharge  the  water  it  receives.  Lake  Aral  presents  the  same 
phenomena,  and,  though  not  to  be  compared  in  superficial  ex- 
tent to  the  Caspian,  receives  two  large  rivers,  the  Oxus  and 
the  Jaxartes.  The  difficulty  in  explaining  the  nature  of  these 
lakes  is  to  account  for  the  constancy  of  their  level,  which  might 
be  expected  to  rise  considerably,  as  they  are  daily  receiving  so 
large  a body  of  water.  It  has  been  supposed  that  they  are 
connected  by  some  internal  channel  with  the  sea,  and  the 
opinion  has  been  supported  by  the  fact,  that  the  water  of  both 
the  Caspian  and  Lake  Aral  is  salt,  and  contains  marine  produc- 
tions ; but  it  is  stated  by  a modern  wn-iter,  that  the  Caspian  is 
at  the  present  moment  not  less  than  300  feet  below  the  level  of 
the  Black  Sea.  It  is  almost  certain  that  the  phenomenon 
referred  to  may  be  accounted  for  by  evaporation,  though  it  may 
be  aided  by  the  process  of  filtration.  Mr.  Bell  has  mentioned 
several  interesting  facts,  to  show  how  great  an  effect  may  be 
produced  by  evaporation  under  favourable  circumstances.  In 
the  valley  of  the  Missouri,  he  says,  “ a climate  as  cold  as  that 
of  the  Caspian,  the  evaporation  is  so  great,  that  a table-spoonful 
of  water  placed  on  the  deck  of  a vessel  was  evaporated  in  a very 
short  space  of  time,  and  the  inkstand  was  daily  replenished 
during  a voyage  of  1000  miles  downwards,  from  Fort  Maudan 
in  47°  north  latitude.  The  evaporation  on  the  river  was  so 
great,  that  though  more  than  twenty  rivers  of  large  volume  fell 
into  the  Missouri  in  that  space,  it  was  not  sensibly  enlarged.” 
When  acquainted  with  such  facts,  there  can  be  no  difficulty  in 
believing  that  the  evaporation  from  the  surface  of  the  Caspian 
may  be  the  cause  why  it  preserves  its  level,  notwithstanding 
the  large  volume  of  water  brought  into  it  by  the  Volga  and 
other  rivers. 

The  third  class  comprehends  all  those  lakes  which  receive  no 
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streams,  but  give  birth  to  some.  Many  of  these  lakes  occupy 
very  elevated  situations,  and  are  the  sources  of  some  of  the 
largest  rivers.  They  are,  no  doubt,  supplied  by  springs,  the 
water  of  which  rises  in  their  reservoirs  until  its  level  is  suffi- 
ciently high  to  admit  a dischai’ge.  The  lake  on  Monte  Rotondo, 
in  Corsica,  is  one  of  this  class,  and  is  situated  9000  feet  above 
the  level  of  the  sea. 

The  fourth  class  includes  all  those  lakes  which  both  receive 
and  discharge  water,  and  these  are  more  numerous  than  any 
otliers.  Some  receive  the  waters  of  many  rivers,  but  they  have 
commonly  but  one  outlet.  It  is  not  difficult  to  explain  the 
origin  of  these  lakes.  Should  a hollow  present  itself  in  the 
course  of  any  river,  it  is  quite  evident  that  it  must  be  filled  to 
the  level  of  some  part  of  its  banks  before  the  river  can  proceed, 
and  this  would  produce  a lake.  But  it  may  happen  that  there 
is  a general  declivity  from  various  parts  of  a district  towards 
some  central  valley,  and  then  the  waters  of  a number  of  rivers 
may  be  brought  into  it,  while  at  the  same  time  the  continuation 
of  the  valley  gives  but  one  course  by  which  the  waters  can  be 
discharged.  These  lakes  may  be  supplied  by  springs  as  well 
as  by  rivers.  Lake  Baikal,  in  Asiatic  Russia,  is  a large  lake  of 
this  class;  but  the  largest  are  those  of  North  America,  which 
lie  between  Canada  and  the  United  States. 

These  lakes,  or  inland  seas,  as  some  of  them  might  be  more 
appropriately  called,  constitute  so  important  a feature  in  physi- 
cal geography,  that  we  cannot  pass  from  the  consideration  of  the 
subject  without  a more  specific  reference  to  a few  examples, 
and  among  them  to  some  of  those  which  are  found  in  the 
northern  counties  of  Great  Britain,  which,  though  not  large, 
are  well  worthy  attention. 

Lake  Baikal,  in  Asiatic  Russia,  and  in  the  government  of 
Irkoutsk,  is  about  1244  miles  in  circumference.  It  receives 
the  waters  of  the  Bargousin,  the  Gelenga,  the  Upper  Angara, 
and  the  T unka,  all  of  them  rivers  of  some  importance.  It  has 
only  one  outlet,  called  the  Lower  Angara.  This  lake  is  sup- 
posed by  many  persons  to  have  been  produced  by  a volcanic 
cause,  and  the  supposition  is  not  altogether  unsupported  by  ai-- 
guments.  The  mountains  around  bear  marks  of  a sudden  and 
violent  eruption  ; the  surrounding  districts  are  decidedly  vol- 
canic ; earthquakes  have  been  felt  in  the  neighbourhood  ; and 
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vessels  on  its  surface  have  sometimes  been  injured  by  severe 
shocks  when  the  sea  has  been  perfectly  calm.  The  navigation 
of  this  vast  body  of  water  is  tedious,  if  not  dangerous.  It  is 
sometimes  frozen  over ; and  Cochrane  states,  that  he  has  passed 
over  it  on  a sledge,  in  a place  where  it  is  forty  miles  broad,  in 
two  hours  and  a half,  though  vessels  are  frequently  thirty  days 
in  crossing. 

The  lakesof  North  America  are  very  numerous;  but  the  most 
important  are  the  Ontario,  Erie,  Huron,  and  Superior.  Lake 
Superior  is  the  largest  body  of  fresh  water  in  the  world,  and  is 
about  400  miles  in  length,  and  100  in  its  greatest  breadth.  In 
this  lake  there  are  five  large  islands,  one  of  whicii.  Isle  Royale, 
is  said  to  be  at  least  100  miles  in  length.  More  than  forty  rivers 
discharge  themselves  into  it ; but  the  Strait  of  St.  Mary,  con- 
necting it  with  Lake  Huron,  is  its  only  outlet, — and  this  is  not 
navigable,  on  account  of  the  falls. 

Lake  Huron  is  about  260  miles  in  length,  and  contains  several 
large  islands.  An  extensive  plain  separates  it  from  Lake 
Michigan,  which  is  cut  off  from  Lake  Superior  by  a narrow 
tongue  of  land.  Lake  St.  Clare  is  about  90  miles  in  circum- 
ference, and,  although  unworthy  comparison  with  those  large 
bodies  of  water  already  described,  it  has  an  importance  from  its 
connexion  with  Lake  Erie,  which  is  about  600  miles  in  circum- 
ference. Lake  Ontario  is  the  last  of  the  chain,  and  is  about 
170  miles  long  and  60  broad. 

There  are  other  countries  where  the  lakes  are  as  numerous 
as  in  North  America,  but  there  is  no  country  in  which  they 
present  so  large  a surface  of  water.  Switzerland  abounds  in 
lakes,  but  in  magnitude  they  cannot  be  compared  with  those  (jf 
America.  Geneva  is  the  largest  of  these  ; it  is  fifty  miles  in 
length,  and  twelve  in  its  greatest  breadth.  It  is  chiefly  re- 
markable for  the  romantic  scenery  by  which  it  is  surrounded  ; 
and  in  this  respect  is  superior  to  all  others,  as  also  in  the  depth 
of  its  dark-blue  waters. 

The  principal  English  lakes  are  situated  in  Cumberland  and 
Westmoreland,  and  of  these  the  most  important  are  Ullswater, 
Derwentwater,  and  Windermere.  Ullswater  is  about  nine 
miles  in  length,  and  two  in  its  greatest  breadth.  It  may  be 
described  as  a long  narrow  body  of  water,  situated  in  a scenery 
remarkable  for  its  beauty  and  grandeur.  Helvellyn  and  the 
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Stone  Cross  Pike,  the  two  highest  mountains  in  the  district, 
come  fully  into  view  as  the  traveller  passes  down  the  lake. 


DERWEMTWATER, 


Derwentwater  is  not  inferior  in  grandeur,  though  its  character 
is  exceedingly  different  from  that  of  Ullswater ; and  the  moun- 
tains by  which  it  is  surrounded  are  more  broken  and  rugged. 
Around  this  spot  there  is  a charm  which  is  irresistible,  for  here 
Nature  has  yielded  to  an  enchanter’s  rod,  and  is  decked  in  hei 
most  fantastic  forms.  But  Windermere  is  the  largest  of  the 
English  lakes,  though  it  is  not  more  than  ten  miles  and  a half 
long,  and  two  miles  broad.  It  is  surrounded  with  beautifully 
wooded  hills,  and  to  the  north  a fine  range  of  mountains  forms 
the  back-ground. 

But  none  of  the  English  lakes  can  be  in  any  way  compared 
with  the  Scotch,  and  particularly  with  the  romantic  Loch 
Lomond.  The  solemn  stillness  of  the  dark  waters,  and  the 
proud  aspiring  summit  of  Ben  Lomond  and  its  elevated  com- 
peers, produce  reflections  in  the  mind  of  an  observer  not  to  be 
easily  forgotten.  Who  that  has  read  Wordsworth’s  exquisite 
lines  “ To  a Higliland  Girl,”  does  not  desire  to  read  them  on 
the  spot  where  they  were  written  ? And  who  that  has  done  so, 
does  not  desire  a repetition  of  the  delight  ? 

The  water  of  some  lakes  is  exceedingly  pure  and  transparent ; 
that  of  others  is  salt,  brackish,  or  sweet ; and  there  are  some 
which  emit  noxious  exhalations,  destructive  or  injurious  to 
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animal  life.  Many  lakes  are  no  doubt  attributable  to  volcanic 
agency,  and  have  been  produced  in  the  manner  already  described 
in  speaking  of  the  Dead  Sea.  In  these  places  there  may  now 
be  Ho  violent  external  evidence  of  the  activity  of  the  same  force, 
but  still  it  may  be  in  existence ; and  the  evolution  of  noxious 
vapours  will  be  one  proof  of  the  fact.  It  is  well  known  that  in 
the  neighbourhood  of  Vesuvius,  and  in  other  volcanic  districts, 
there  are  fissures  from  which  carbonic  acid  is  given  off  in  large 
quantities,  destroying  animal  and  considerably  affecting  vege- 
table life.  The  celebrated  Grotfo  del  Cane,  at  Naples,  is  an  ex- 
cellent example ; and  there  are  many  caves  in  the  south  of 
France,  an  extinct  volcanic  district,  particularly  those  of  Mont- 
joly,  where  similar  phenomena  have  been  observed.  It  is  not 
therefore  singular  that  springs  and  lakes  produced  by  the  same 
cause  should  emit  the  same  vapour,  for  there  must  be  as  intimate 
a connexion  with  the  cause  in  one  instance  as  in  the  other. 
Bishoff  and  N oggerath  state,  that  there  is  a pit  near  Lake  Laaech, 
where  there  is  a pennanent  evolution  of  carbonic  acid  gas,  and 
they  found  the  remains  of  many  animals  that  had  been  killed  by 
it.  On  descending  into  the  pit,  and  holding  their  heads  over 
the  stream,  they  experienced  the  sensation  that  is  known  to 
attend  the  breathing  of  this  deleterious  gas.  At  Boudelreis,  on 
the  bank  of  the  river  Kyll,  there  is  a spring  that  gives  off  so 
large  a quantity  of  carbonic  acid,  as  to  appear  by  the  number  of 
bubbles  on  its  surface  as  though  it  were  boiling,  and  persons 
who  attempt  to  drink  from  its  basin  are  quickly  driven  away  by 
the  mephitic  odour  of  the  water. 

Some  lakes  are  periodical,  and  increase  or  decrease  in  depth 
at  particular  seasons  of  the  year.  In  some  parts  of  South 
America  there  are  large  cavities,  which  immediatelj'  after 
the  rainy  season  are  filled  with  water,  and  become  lakes,  but  by 
the  process  of  evaporation,  and  by  filtration,  the  water  is  rapidly 
carried  off.  There  are  others  which  rise  and  fall  in  a manner 
unaccounted  for  by  the  causes  which  so  easily  explain  the  dry  - 
ing up  of  the  lakes  of  South  America.  It  has  been  supposed 
that  there  is  a connexion  between  these  periodical  lakes  and 
a subterranean  reservoir,  the  increase  or  decrease  of  which  pro- 
duces a similar  effect  upon  the  lake  itself.  It  is  still  more 
difficult  to  explain  those  occasional  disturbances  to  which  inland 
lakes  are  sometimes  subject.  Loch  Lomond  is  frequen  ly 
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agitated  in  a most  violent  manner  during  the  calmest  weather, 
and  without  any  apparent  cause.  It  may  be  well  to  remember 
that  this  lake  has  exliibited  a similar  agitation  during  the  pre- 
sence of  earthquakes  in  distant  countries.  The  same  cause  may 
not  explain  the  phenomenon  in  both  instances,  but  there  is 
reason  to  believe  that  they  are  not  altogether  distinct.  It  may 
also  be  mentioned,  that  lakes  frequently  contain  islands,  which 
are  so  light  as  to  float  upon  the  surface  of  the  water ; and  these 
are  both  numerous  and  of  considerable  size. 

THE  SEA. 

Although  the  sea  has  so  large  a proportion  to  the  dry  land, 
— occupying  seven-tenths  of  the  surface  of  the  earth, — yet  its 
present  quantity  and  conditions  are  absolutely  necessary  to  man, 
that  he  may  fulfil  the  objects  of  his  terrestrial  being.  The 
earth  without  an  ocean  would  be  an  arid  and  unfruitful  desert, 
incapable  of  producing  any  vegetable  substance,  and  conse- 
quently unfit  for  the  residence  of  animals.  But  a constant 
interchange  is  going  on  between  the  ocean,  the  atmosphere, 
and  the  dry  land.  By  the  action  of  solar  heat  upon  the  surface 
of  water  it  is  vaporised,  and  carried  in  an  elastic  form  into  the 
atmosphere.  By  a variety  of  causes,  and  especially  by  the 
agency  of  electricity,  this  aqueous  vapour  is  condensed  ana 
returned  to  the  earth,  a part  falling  upon  the  sea  itself  and  a 
part  upon  the  dry  land.  Having  performed  its  purpose  in 
watering  the  earth,  and  in  giving  fresh  vigour  to  vegetable 
growth,  it  is,  directly  or  indirectly,  returned  to  the  ocean,  to 
pass  again  through  the  same  series  of  changes.  But  the  ocean 
serves  another  important  end  in  the  abstraction  and  decompo- 
sition of  many  of  the  noxious  substances  contained  in  the  atmo- 
sphere ; and  there  is  little  doubt  that  it  is  the  means  of  checking 
some  of  those  principles  of  disease  which  are  known  to  be  wafted 
from  clime  to  clime  on  the  wings  of  the  wind.  It  is  also  w'orthy 
of  remark,  that  although  the  sea  separates  the  inhabited  por- 
tions of  the  earth’s  surface,  yet  it  offers  a ready  means  of  com- 
munication. Upon  its  bosom  it  carries  the  proudest  trophy  of 
human  ingenuity : a vessel,  that  contains  within  itself  the 
source  of  power,  and  can  plough  its  way  from  shore  to  shore, 
in  spite  of  the  ordinary  opposition  of  winds  and  tides.  Thus 
it  is  that  the  intercourse  of  nations,  and  the  interchange  of 
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manufactured  and  natural  productions  are  carried  on,  to  the 
social  and  intellectual  advantage  of  man. 

Oceans  are  collections  of  water  in  valleys,  and  their  basins 
must  present  the  same  inequalities  as  are  observed  upon  the 
surface  of  the  land.  Mountains,  hills,  and  valleys  are  to  be 
found  in  the  bed  of  the  ocean  as  well  as  on  dry  land,  and  the 
causes  which  effected  changes  in  the  relative  positions  of  the 
one  had  a similar  influence  upon  the  other.  The  depth  of  the 
sea,  therefore,  must  vary  considerably  in  different  places.  But 
there  is  much  difficulty  in  ascertaining  the  depth  at  any  place  ; 
for  not  only  are  substances  moved  more  readily  in  water  than 
in  the  atmosphere,  on  account  of  their  loss  of  weight  in  that 
medium,  but  they  are  also  subject  to  rapid  transportation  by 
currents.  On  these  accounts  there  are  many  situations  in 
which  the  heaviest  sounding  lead  can  be  of  little  or  no  value. 
Lord  Mulgrave  sounded  in  the  Northern  Ocean,  in  a place 
where  he  gave  out  4700  feet  of  line,  without  finding  a bottom ; 
and  Mr.  Scoresby  could  find  no  bottom  in  one  part  of  the 
Greenland  Sea  at  the  depth  of  7200  feet.  According  to  the  cal- 
culations of  La  Place,  in  his  “ Mechanique  Cyeste,”  founded 
upon  the  oscillations  of  the  ocean,  the  mean  depth  of  the  water 
is  a fraction  of  the  difference  produced  in  the  diameter  of  the 
earth  by  the  flattening  of  the  poles,  and  it  has  been  estimated 
at  between  two  and  three  mUes. 

LEVEL  OF  THE  SEA. 

From  the  universal  law  by  which  water  is  known  to  be 
governed,  it  might  be  deduced  that  the  surfaces  of  all  connected 
bodies  of  water  must  be  on  the  same  level ; and  this  would 
be  the  case,  if  there  were  no  deranging  causes : the  surface  of 
the  ocean  would  give  the  precise  form  of  the  earth.  The  great 
law  of  gravitation  has  its  action  in  this  as  well  as  in  all  other 
instances,  and  water,  wherever  situated,  not  only  seeks  the 
lowest  places  it  can  reach,  but  also  attempts  to  maintain  the 
same  level.  But  it  is  impossible  that  there  can  be  a universal 
level  at  any  moment  so  long  as  the  disturbing  causes,  intimately 
connected  with  the  present  physical  condition  of  the  earth, 
exist.  The  influence  of  the  moon,  producing  tides,  is  one  of 
these  causes,  and  occasions  a considerable  difference  in  the 
height  of  the  water  in  near  as  well  as  distant  parts  of  the  same 
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ocean  or  sea.  The  level  is  also  liable  to  alteration  from  the 
local  influence  of  winds ; and  it  has  been  ascertained  that  in  all 
gulfs  and  inland  seas  the  water  is  always  higher  than  on  the 
ocean.  This  is  especially  the  case  with  those  which  are  open 
only  to  the  east,  for  they  are  more  exposed  to  the  great  pe- 
riodical oscillation  of  the  ocean  from  east  to  west.  By  this 
movement  the  water  is  carried  into  these  inlets,  and  the  more 
confined  their  openings  the  higher  will  be  the  level.  M.  de 
Humboldt  made  some  experiments  on  the  Isthmus  of  Panama, 
from  which  he  deduces  that  the  level  of  the  Gulf  of  Mexico  is 
from  twenty  to  twenty-three  feet  higher  than  that  of  the  Pacific. 
The  influence  of  the  tides  is  well  known,  and  is  obseiwed  more 
or  less  upon  all  bodies  of  water  connected  with  the  ocean. 
Winds  also  have  an  effect  in  destroying  the  level,  not  only  by 
the  formation  of  waves,  but  also  by  driving  in  one  direction  a 
body  of  water  in  greater  volume  than  usual.  Upon  sea-coasts 
this  effect  is  frequently  produced  ; and  navigators  are  aware 
that,  in  consequence  of  the  easterly  trade-winds  urging  the 
waters  of  the  ocean  towards  the  African  coast,  the  level  of  the 
Red  Sea  is  always  about  twenty  feet  above  the  level  of  the  ocean. 
These  are  the  causes  which  produce  an  elevation  of  the  level 
in  some  places ; and  there  is  one  agent,  evaporation,  which 
sometimes  lowers  it.  The  Mediterranean  Sea,  for  instance,  is 
a little  below  the  general  level,  for  the  waters  it  receives  from 
the  numerous  rivers  whose  basin  it  is,  are  not  sufficient  to  com- 
pensate for  the  loss  by  evapoi-ation,  and  a constant  supply  is 
consequently  furnished  through  the  Straits  of  Gibraltar. 

But  although  these  disturbing  causes  are  in  action,  there  is 
a general  ocean  level,  and  as  the  variations  are  so  entirely  under 
the  control  of  laws  which  are  perfectly  understood,  no  change 
can  be  effected  that  is  not  capable  of  explanation,  and  usually 
of  prediction.  The  necessity  of  these  controlling  principles  is 
evident ; for  so  poweiful  is  the  influence  of  a large  body  of  water 
in  motion  upon  the  district  over  which  it  moves,  that  if  it  were 
governed  by  laws  less  capable  of  restraining  its  limits,  such 
scenes  of  destruction  would  be  constantly  presented  as  would 
give  an  insecurity  to  all  the  provisions  necessary  for  the  sus- 
tenance of  animal  life.  It  would  not  be  difficult  to  select 
instances  in  which  the  deranging  causes  now  active  have  pro- 
duced most  alarming  effects.  The  loss  of  life  and  destruction 
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of  property  in  St.  Petersburg,  in  the  year  182-5,  will  be  in  the 
remembrance  of  many  of  our  readers,  and  this  was  produced 
by  a flood,  that  was  occasioned  by  a no  more  violent  cause  than 
a strong  westerly  wind  impeding  and  partially  preventing  the 
flow  of  the  waters  of  the  Neva. 

During  the  last  century  it  was  much  disputed  whether  the 
sea  maintained  its  level ; for  many  geographers  were  of  opinion 
that  it  was  constantly  falling;  the  Baltic  in  particular.  The 
question  is  to  the  present  day  undecided,  although  experiments 
have  been  made  to  determine  it.  Of  these  there  are  many 
that  favour  the  supposition  of  a decreasing  level,  but  they  are 
opposed  by  others  which  lead  to  an  opposite  conclusion.  In 
the  year  1820  Mr.  Bruncrona  collected  the  results  of  the 
experiments  made  during  half  a century  on  the  western  coast 
of  the  Baltic,  and  from  these  it  may  be  deduced  that  the  level 
of  the  water  is  there  constantly  falling  ; a conclusion  which  is 
supported  by  the  opinion  of  the  Baltic  pilots,  who  state  that 
the  sea  is  shallower  than  it  was,  and  that  the  straits  which 
separate  the  islets  along  the  coast  of  Sweden  could  once  be 
passed  by  vessels  drawing  ten  feet  of  water,  though  they  are 
not  now  practicable  for  boats  that  draw  more  than  three  feet. 
Mr.  Hallstrom  states,  that  the  same  effect  is  going  on  in  the 
Gulf  of  Bothnia,  with  this  difference,  that  in  the  Baltic  the 
lowering  decreases  from  the  north,  and  disappears  at  the 
southern  extremity ; but  in  the  Gulf  of  Bothnia  it  is  nearly 
uniform  throughout.  These  results  lead  to  the  conclusion, 
that  the  level  of  the  Baltic  is  falling,  unless  we  accept  the 
opinion  of  those  who  state  that  the  currents  from  the  north  to 
the  south  of  the  Baltic,  produced  by  the  streams  which  flow 
into  it,  drive  the  waters  to  the  southern  shore,  where  the  level 
is  rising,  though  it  is  falling  on  the  northern.  But,  whatever 
opinions  may  be  formed  from  a consideration  of  these  facts,  we 
have  at  present  no  means  of  determining  whether  the  general 
level  of  the  ocean  is  constant. 

THE  COLOUR  OP  THE  OCEAN. 

The  colour  of  the  ocean  is  not  fixed,  but  is  influenced  by  the 
direction  of  the  light,  the  chemical  composition  of  the  water, 
and  the  nature  of  the  rocks  over  which  it  flows.  The  sea 
commonly  appears  to  have  a deep  blue  tinge,  but  as  the  depth 
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decreases  it  becomes  clearer  and  has  a lighter  shade.  When  a 
small  quantity  of  sea- water  is  examined,  it  has  no  colour ; and 
this  is  also  true  of  a small  quantity  of  atmospheric  air  ; both  of 
these  media  are,  in  minute  volumes,  incapable  of  intercepting 
so  large  a quantity  of  any  ray  as  to  give  colour  to  the  volume. 
Y et  they  differ  in  their  powers  of  interception  : air  reflects  the 
most  refrangible  rays,  the  violet,  indigo,  and  blue,  which  pro- 
duce the  azure  hue  knowm  to  distinguish  it;  but  water,  on 
account  of  its  density  as  well  as  its  depth,  reflects  some  of 
the  less  refrangible  rays,  and  hence  its  gi’eenish-blue  colour. 
Under  peculiar  circumstances  the  sea  exhibits  other  shades, 
but  these  are  to  be  attributed  to  local  rather  than  general 
causes, — the  character  of  the  bed  over  which  the  water  flows, 
and  sometimes  the  animalcula,  insects,  or  plants,  which  float 
immediately  beneath  its  surface.  In  the  Gulf  of  Guinea  the 
sea  is  white  ; around  the  Maldives  it  is  black  ; in  the  upper 
part  of  the  Mediterranean  it  has  a purple  tint;  and  the  West 
Indies  are  washed  by  an  ocean  so  transparent,  that  the  bottom 
of  the  sea  lies  open  to  examination.  There  are  also  in  all 
places  changes  of  colour,  produced  by  the  shadows  thrown 
upon  the  sea  by  the  interception  of  the  clouds,  and  these  shades 
are  so  evanescent  and  varied,  when  the  sky  is  thickly  covered 
with  broken  clouds,  that  we  may  almost  fancy  the  eye  to  be 
deceived. 

PHOSPHORESCENCE  OF  THE  SEA. 

The  sea  has  sometimes  a luminous  appearance,  a phenomenon 
that  has  been  observed  by  all  sailors,  who  consider  it  the  fore- 
runner of  windy  weather.  It  is  said  to  occur  most  frequently  in 
the  summer  and  autumn  months,  and  varies  so  much  in  its  cha- 
racters as  to  induce  a doubt  whether  it  can  be  always  attributed 
to  the  same  cause.  Sometimes  the  luminous  appearance  is  seen 
over  the  whole  surface  of  the  water,  and  the  vessel  seems  as  though 
floating  upon  an  ocean  of  light.  At  other  times  the  phospho- 
rescence is  only  seen  immediately  around  the  ship.  A portion  of 
water  taken  from  the  sea  does  not  necessarily  retain  its  luminous 
appearance,  but  its  brilliance  will  generally  continue  as  long  as 
the  water  is  kept  in  a state  of  agitation.  Some  naturalists 
imagine  the  phosphorescence  of  the  sea  to  arise  from  the  diffu- 
sion of  an  immense  number  of  animalcula  through  the  medium, 
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and  others  attiibute  it  to  electricity.  Dr.  Buchanan  has  given 
an  account  of  a very  remarkable  appearance  of  the  sea,  observed 
by  him  during  a voyage  from  Johanna  to  Bombay.  About  eight 
o’clock  in  the  evening  of  the  31st  of  July,  1786,  the  sea  had  a 
milk-white  colour,  and  upon  it  were  floating  a multitude  of 
luminous  bodies  greatly  resembling  that  combination  of  stars 
known  as  the  milky  way,  the  brightest  of  them  representing 
the  larger  stars  of  a constellation.  The  whiteness,  he  says, 
was  such  as  to  prevent  those  on  board  from  seeing  either  the 
break  or  swell  of  the  sea,  although,  from  the  motion  of  the 
ship  and  the  noise,  they  knew  them  to  be  violent,  and  the  light 
was  sufficiently  intense  to  illuminate  the  ropes  and  rigging. 
This  singular  phenomenon  continued  until  daylight  appeared. 
Several  buckets  of  water  were  drawn,  and  in  them  were  found 
a great  number  of  luminous  bodies,  from  a quarter  of  an  inch 
to  an  inch  and  a half  in  length,  and  these  were  seen  to  move 
about  as  worms  in  the  water.  There  might  be,  says  Dr. 
Buchanan,  four  hundred  of  these  animals  in  a gallon  of  water. 
A similar  appearance  had  been  observed  before  in  the  same  sea 
by  several  of  the  officers,  and  the  gunner  had  seen  it  off  Java 
Head,  in  a voyage  to  China. 

TEMPERATURE  OP  THE  SEA. 

The  ocean  has  not  always  the  same  temperature  in  the  same 
latitude.  Within  the  tropics  there  is  little  or  no  difference 
between  the  temperature  of  the  sea  in  the  two  hemispheres ; but 
nearer  the  poles  the  temperature  is  less,  for  any  degree  of  lati- 
tude, in  the  northern  than  the  southern.  In  eighty  degrees 
north  latitude  ice  generally  melts  in  the  month  of  May,  though 
it  remains  all  the  year  round  in  sixty  degrees  south  latitude. 
Ice  also  extends  nearly  eight  degrees  farther  from  the  south 
pole  than  it  does  from  the  north ; for  icebergs  have  been  found 
as  low  as  forty- eight  degrees  south  latitude.  This  greater 
decrease  of  temperature  in  the  southern  hemisphere  has  been 
attributed  to  the  almost  entire  absence  of  land  in  the  antarctic 
circle,  whereas  the  arctic  sea  is  almost  surrounded  by  land. 
Peron  invented  an  instrument, which  he  called  a thermo-baro- 
meter, for  the  measurement  of  the  temperature  of  the  ocean, 
and  from  a great  number  of  experiments  deduced  a series  of 
singular  results ; but  some  of  these  have  been  controverted  by 
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Humboldt.  Peron  states,  that  in  the  neighbourhood  of  islands 
or  continents  the  temperature  of  the  water  is  always  higher 
than  in  the  open  sea,  and  that  near  a shore  the  cold  increases 
with  the  depth.  But  Humboldt  objects  to  this  statement  as  a 
general  law ; for  although  the  temperature  of  the  tropical  seas, 
and  the  Mediterranean,  and  Baffin’s  Bay,  does  diminish  with 
the  depth,  yet  in  the  Greenland  seas  and  in  the  Arctic  Ocean 
the  temperature  increases  with  the  depth.  The  experiments 
made  in  the  South  seas,  during  Krusenstern’s  voyage  of  dis- 
covery, tend  to  establish  the  law  that  the  cold  increases  with 
the  depth.  Saussure  estimates  the  mean  temperature  of  the 
sea  at  53®,  but  it  appears  to  range  between  20®  and  08®  of 
Fahrenheit’s  thermometer. 

MARINE  ICE. 

It  was  once  disputed  by  geographers  whether  the  waters 
of  the  ocean  could  be  frozen ; but  the  voyages  which  have 
been  undertaken  in  polar  regions  have  entirely  removed 
the  doubt.  Bays  and  inland  seas,  situated  in  sixty  degrees 
north  latitude,  are  entirely  frozen  over  during  the  winter  sea- 
son, and  in  seventy  degrees  the  sea  is  covered  with  fields  of  ice. 
The  more  enclosed  the  water,  and  the  greater  the  projections 
of  land,  the  more  readily  will  ice  be  formed ; and  it  is  on  this 
account  that  the  Baltic,  the  Gulf  of  Bothnia,  and  otlier  inland 
seas  are  frequently  frozen,  when  the  ocean  in  the  same  latitude 
is  altogether  unencumbered.  In  about  the  eightieth  degree  of 
north  latitude  the  ice  becomes  fixed,  and  during  the  winter 
months  presents  an  immoveable  mass,  having  a porous  and 
diaphanous  structure.  When  the  spring  returns,  it  begins  to 
melt,  the  mass  is  broken,  and  an  uncertain  passage  is  opened 
to  the  adventurous  mariner.  But  the  summer  soon  passes,  and 
the  vast  surface  is  again  covered  with  a thick  crust  of  ice,  over 
which  the  polar  bear  wanders  in  search  of  that  sustenance 
which  seems  to  be  denied  all  other  creatures  in  this  inhospit- 
able region. 

ICEBERGS. 

An  iceberg  is  an  island  of  ice,  sometimes  immoveably  fixed 
upon  some  projecting  mass  in  the  sea,  but  more  commonly 
floating  from  place  to  place,  according  to  the  action  of  the 

z 2 


340 


THE  SEVEN  ICEBERGS, 


•winds  and  currents.  Icebergs  are  usually  very  perpendicular 
on  one  side,  and  on  the  opposite  have  a more  gradual  sloping 
direction.  Their  height  is  variable,  and  some  of  them  have  an 
elevation  of  two  hundred  feet  above  the  level  of  the  ocean. 
The  colour  of  these  vast  masses  of  ice  depends  in  part  upon 
the  direction  of  the  incidental  luminous  rays,  and  in  part  upon 
the  constitution  of  the  bergs  themselves.  They  not  unfre- 
quently  appear  as  though  formed  of  emerald  or  sapphire,  and 
the  colours  produced  by  the  refraction  are  frequently  so  beau- 
tiful that  they  seem  as  though  they  were  huilt  of  light,  and 
mimicked  the  representations  of  oriental  fable.  It  has  been 
supposed  that  the  iceberg  is  formed  by  the  piling  together  of 
the  fragments  produced  by  the  breaking  up  of  the  large  fields 
of  ice ; but  it  is  more  commonly  allowed  that  they  are  masses 
broken  off  from  the  enormous  glaciers  abounding  on  the  coasts 
of  Greenland  and  Spitzbergen.  Some,  however,  appear  to  be 
produced  by  the  consolidation  of  driven  snow,  and  contain  trees 
which  occasionally  take  fire,  in  consequence  of  the  great  friction 
to  which  they  are  exposed,  presenting  the  singular  appearance 
of  a burning  mountain  of  ice.  The  bergs  are  sometimes  enve- 
loped in  a thick  fog,  and  if  a ship  should  come  into  contact 
with  them,  almost  certain  destruction  must  result  from  the 
collision.  Very  many  of  the  vessels  employed  in  the  fisheries 
are  every  year  lost,  we  are  informed,  by  accidents  of  this  kind. 

Mr.  Scoresby  has  given,  in  his  “ Arctic  Regions,”  'a  very 
interesting  sketch  of  the  Seven  Icebergs  of  Spitzbei’gen.  From 
his  description  we  may  select  the  most  important  facts.  “ I 
speak  not  here,”  he  says,  “ of  the  islands  of  ice  which  are  borne 
to  southern  climates  on  the  bosom  of  the  ocean,  but  of  those 
prodigious  lodgments  of  ice  which  occur  in  the  valleys  adjoin- 
ing the  coast  of  Spitzbergen  and  other  polar  countries,  from 
which  the  floating  icebergs  seem  to  be  derived.  Where  a chain 
of  hills  lies  parallel  to  the  line  of  the  coast,  and  within  a few 
miles  distant  of  the  sea-beach,  having  lateral  ridges  jutting 
tow'ards  the  sea,  at  intervals  of  a league  or  two,  we  have  a most 
favourable  situation  for  the  formation  of  icebergs.  Such  is  pre- 
cisely the  nature  of  the  situation  a little  to  the  northward  of 
Charles’  Island,  where  the  conspicuous  bodies  of  ice  noticed  by 
Martens,  Phipps,  and  others,  and  known  hy  the  name  of  the 
Seven  Icebergs,  occur.  Each  of  these  occupies  a deep  valley 
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open  towards  the  sea,  formed  by  hills  about  two  thousand  feet 
elevation  on  the  sides,  and  terminated  in  the  interior  by  a chain 
of  mountains  of  perhaps  three  thousand  to  three  thousand  five 
hundred  feet  in  height,  which  follows  the  line  of  coast.  They 
are  exactly  of  the  nature  and  appeai’ance  of  glaciers.  They  com- 
mence at  the  margin  of  the  sea,  whei-e  they  frequently  consti- 
tute a considerable  precipice,  and  extend  along  the  valley, 
which  commonly  rises  with  a gentle  slope,  until  they  are  either 
terminated  by  the  brow  of  the  mountain  in  the  back-ground, 
or  interrupted  by  a precipitous  summit.  Besides  these  ice- 
bergs, there  are  some  equally  large  near  the  north-west  angle 
of  Spitzbergen,  in  King’s  Bay,  and  in  Cross  Bay,  and  some  of 
much  greater  magnitude  near  Point  Look-out,  besides  many 
others  of  various  sizes  in  the  large  sounds  on  the  western  side, 
and  along  the  northern  and  eastern  shores  of  this  remarkable 
country.” 

The  Seven  Icebergs,  according  to  Mr.  Scoresby,  are  each  on 
an  average  about  a mile  in  length,  and  two  hundred  feet  in 
height  above  the  level  of  the  ocean ; and  there  is  one  to  the 
northward  of  Horn  Sound  eleven  miles  in  length,  and  four  hun- 
dred and  two  feet  high.  These  vast  masses  of  ice  are  during 
stormy  weather  attacked  by  the  waves,  which  gradually  pre- 
cipitate large  fragments  into  the  sea.  The  ice  is  everywhere 
traversed  by  deep  fissures,  from  a few  inches  to  several  feet 
wide,  and  so  deep  that  in  looking  into  them  the  traveller  finds 
that  the  rays  of  light  have  never  penetrated  to  the  bottom. 
These  rents  are  supposed  by  Mr.  Scoresby  to  have  been  pro- 
duced by  the  passage  of  streams  of  water  over  the  surface  of 
the  ice ; but  Dr.  Latta  imagines  them  to  have  been  produced  by 
expansion  during  the  process  of  freezing.  Suppose  the  iceberg, 
says  this  gentleman,  to  be  but  a few  feet  thick,  the  heat  of 
summer  wUl  render  it  spongy  and  porous,  and  its  surface  will 
be  hollowed  in  channels  by  the  little  streams  that  flow  over  it. 
When  winter  returns,  and  these  streams  of  water  are  congealed, 
the  walls  of  the  cavities  will  be  in  some  degree  forced  asunder, 
and  a partial  rent  be  formed.  Into  these  rents  water  wUl  again 
flow,  and,  being  solidified  as  in  the  previous  instance,  the  rent 
must  be  increased  in  length,  width,  and  depth,  whilst  the  dam- 
ming up  and  freezing  of  the  little  streams  below  assist  the 
action  by  elevating  the  mass  from  its  bed.  This  process,  says 
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Dr.  Latta,  annually  repeated,  might  induce  the  appearance 
now  presented  by  the  icebergs,  and  being  wedged  in  between 
mountains,  they  cannot  extend  laterally,  and  necessarily  be- 
come arched  or  convex,  impelled  as  it  were  by  a central  force 
in  the  expansion  of  water. 

Nothing  can  be  more  beautiful  than  the  appearance  of  these 
wonderful  masses  of  ice  ; and  the  contrast  between  their  glit- 
tering surfaces  and  the  dark  monotonous  gloom  of  the  rocks 
and  snow-clad  peaks  by  which  they  are  surrounded,  presents 
the  beholder  with  scenes  of  interest  even  within  the  confines  of 
the  polar  circle,  where  nature  almost  loses  the  spark  of  vitality, 
and  struggles  incessantly  to  free  itself  from  the  iron  band  of 
eternal  frost. 

WATER-SPOUTS. 

Among  the  most  interesting  phenomena  observed  at  sea,  we 
may  mention  the  extraordinary  formation  of  water-spouts.  This 
curious  and  perplexing  phenomenon  is  not  to  the  present  mo- 
ment thoroughly  understood  ; for  it  is  still  a matter  of  dispute 
among  meteorologists  whether  it  is  due  to  the  agency  of  elec- 
tricity or  to  the  mechanical  action  of  whirlwinds.  It  is  quite 
certain  that  water-spouts  are  commonly  attended  with  electrical 
phenomena,  but  it  cannot  be  determined,  from  the  data  in  the 
hands  of  the  philosopher,  whether  electricity  is  an  effect  or  a 
cause ; yet  there  can  be  no  doubt  that  the  spiral  motion  of  the 
water  does  result  from  a gyratory  motion  of  the  air,  which  is 
probably  the  proximate  agent.  • 

Mr.  Steward,  speaking  of  the  water-spouts  seen  by  him  in 
the  Mediterranean,  in  the  year  1701,  says  that  they  all  consisted 
of  a transparent  tube.  “ It  was  observable  of  all  of  them,  but 
chiefly  of  the  large  pillar,  that  towards  the  end  it  began  to 
appear  like  a hollow  canal,  only  black  in  the  borders,  but  white 
in  the  middle ; and  though  at  first  it  was  altogether  black  and 
opaque,  yet  one  could  very  distinctly  perceive  the  sea-water  to 
fly  up  along  the  middle  of  this  canal  as  smoke  does  up  a 
chimney,  and  that  with  great  swiftness  and  a very  perceptible 
motion ; and  then  soon  after  the  spout  or  canal  burst  in  the 
middle,  and  disappeared  little  by  little,  the  boiling  up  and  the 
pillar-like  form  of  the  sea-water  continuing  always  the  last, 
even  for  some  time  after  the  spout  disappeared,  and  perhaps  till 
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the  spout  appeared  again  or  re-formed  itself,  which  it  com- 
monly did  in  the  same  place  as  before,  breaking  and  forming 
itself  again  several  times  in  a quarter  or  half  an  hour.” 

Dr.  Buchanan  observed  this  phenomenon  once  or  twice 
during  a voyage  to  and  from  India.  When  his  attention  was 
first  called  to  it,  he  observed  a dark  thick  cloud  which  threw 
out  a long  curved  spout,  while  at  the  same  time  a thick  fog 
rose  out  of  the  sea.  After  an  interval  of  about  two  minutes, 
the  spout  rushed  down,  and  joined  the  cloud  which  had  risen 
from  the  sea.  The  cloud  from  which  the  spout  descended 
then  moved,  says  Mr.  Maxwell,  slowly  along,  and  by  the 
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motion  the  curvature  was  probably  produced.  The  fog  pro- 
ceeding from  the  sea  was  of  the  same  colour  as  the  spout,  and 
resembled  the  smoke  of  a steam-engine.  The  surface  of  the 
water  under  the  spout  was  during  the  whole  time  in  a state  of 
violent  agitation,  and  a noise  was  heard  like  that  of  a waterfall. 
The  spout  soon  withdrew  itself  again  into  the  cloud  from  w’hich 
it  had  descended,  and  the  fog  receded  into  the  sea.  The  whole 
exhibition  did  not  last  more  than  three  minutes.  The  same 
author  had  opportunities  at  other  times  of  observing  similar 
appearances,  and  in  all  cases  they  presented  nearly  the  same 
phenomena,  and  he  has  represented  in  the  following  diagram 
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the  different  states  in  which  they  occur.  At  their  first  forma- 
tion, he  says,  they  appear  of  a conical  tubular  form,  dropping 
from  a black  cloud  before  the  disturbance  of  the  sea  is  observed. 
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The  black  conical  cloud  then  descends,  and  the  smoke-like 
appearance  from  the  sea  ascends,  until  they  join.  When  the 
spout  begins  to  disperse,  the  black  cloud  draws  itself  up,  and  a 
thin  transparent  tube  is  left  still  united  to  the  cloud  that  rose 
from  the  sea.  This,  however,  is  at  last  broken,  and  the  phe- 
nomenon disappears. 

The  Honourable  Captain  Napier  has  made  some  remarks,  in 
the  PhilosophicalJournal,  upon  an  appearance  of  the  same  kind 
w'hich  he  observed,  and  upon  its  probable  cause.  “ On  the  6th 
of  September,  1814,  in  latitude  30°  47'  north,  and  longitude, 
by  chronometer,  62°  40'  west,  at  half-past  one  p.m.,  the  wind 
being  variable  between  W N W and  N N E,  the  ship  steering 
S E,  an  extraordinary  sort  of  whirlwind  was  observed  to  form 
about  three  cables’  length  from  the  starboard  bow  of  H.M. 
ship  ‘ Erne.’  It  carried  the  water  up  along  with  it  in  a 
cylindrical  form,  in  diameter  to  appearance  like  a water-butt, 
gradually  rising  in  height,  increasing  in  bulk,  advancing  in  a 
southerly  direction,  and  when  at  the  distance  of  a mile  from 
the  ship  it  continued  stationary  for  several  minutes,  boiling  and 
foaming  at  the  base,  discharging  an  immense  column  of  water, 
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with  a rushing  or  hissing  noise,  into  the  overhanging  clouds, 
turning  itself  with  a quick  spiral  motion,  constantly  bending 
and  straightening  according  as  it  was  affected  by  the  variable 
winds,  which  now  prevailed  alternately  from  all  points  of  the 
compass.  It  next  returned  to  the  northward,  in  direct  oppo- 
sition to  the  then  prevailing  wind,  and  right  upon  the  ship’s 
starboard  beam,  whose  course  was  altered  to  east,  in  hopes  of 
letting  it  pass  astern.  Its  approach,  however,  was  so  rapid  that 
we  were  obliged  to  resort  to  the  usual  expedient  of  a broadside, 
for  the  purpose  of  averting  any  danger  that  might  be  appre- 
hended, when  after  firing  several  shots,  and  one  in  particular 
having  passed  right  through  it  at  the  distance  of  one-third  from 
its  base,  it  appeared  for  a minute  as  if  cut  horizontally  in  two 
parts,  the  divisions  waving  to  and  fro  in  different  directions,  as 
agitated  by  opposite  winds,  till  they  again  joined  for  a time, 
and  at  last  dissipated  in  an  immense  dark  cloud  and  shower  of 
rain.  At  tlie  time  of  its  being  separated  by  the  effect  of  the 
shot,  or  more  probably  by  the  agitation  occasioned  in  the  air 
by  the  discharge  of  several  guns,  its  base  was  considerably 
within  half  a mile  of  the  ship,  covering  a portion  of  the  sur- 
face of  the  water  at  least  half  a furlong,  or  even  three  hundred 
feet  in  diameter,  from  one  extreme  circumference' of  ebullition 
to  the  other ; and  the  neck  of  the  cloud  into  which  it  dis- 
charged itself  appeared  to  have  an  altitude  of  forty  degrees  of 
the  quadrant,  while  the  cloud  itself  extended  overhead  and  all 
round  to  a very  considerable  distance.  Allowing,  then,  from 
the  ship  a base  of  a little  more  than  one- third  of  a nautical  mile, 
say  2050  feet,  and  an  angle  of  40®  to  the  top  of  the  neck,  we 
shall  then  have,  for  the  perpendicular  height  of  the  spout,  about 
1720  feet,  or  very  nearly  one- third  of  a statute  mile.  A little 
before  it  burst,  two  other  water-spouts,  of  an  inferior  size,  were 
observed  to  the  southward ; but  their  continuance  was  of  short 
duration.” 

If  Captain  Napier’s  calculation  of  the  height  of  this  water- 
spout be  even  an  approximation  to  the  truth,  it  entirely  de- 
stroys that  theory  which  attributes  the  phenomenon  to  the 
formation  of  a vacuum.  Liquids  will  rise  in  exhausted  tubes  to 
the  height  at  which  they  exactly  balance  a column  of  atmo- 
spheric air  having  the  same  base,  and  water,  obeying  this  law, 
will  rise  to  the  height  of  about  thirty-two  feet,  as  it  does  in 
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pumps.  Now  if  this  force  acts  at  all  in  the  formation  of  water- 
spouts, it  must  he  aided  by  some  other  agent ; but  what  that  is 
cannot  be  determined  in  the  present  state  of  our  knowledge 
upon  the  subject.  It  may  be  a result  of  an  electrical  attraction 
dependent  on  the  different  electric  conditions  of  the  cloud  and 
the  ascending  fluid,  or  may  be  produced  by  the  rotatory  motion 
of  the  air. 


MOTION  OF  THE  SEA. 

The  sea  is  subject  to  a motion  of  three  different  kinds.  It  is 
agitated  by  the  action  of  the  wind  producing  waves ; by  tides, 
which  result  from  the  attractive  influence  of  the  moon ; and  by 
currents,  produced  under  various  circumstances,  and  resulting 
from  a variety  of  causes.  To  all  these  we  must  briefly  refer. 

WAVES. 

Waves  necessarily  result  from  the  laws  which  govern  fluids. 
Whenever  the  level  of  a liquid  is  disturbed,  there  will  always 
be  an  effort  to  restore  the  equilibrium,  and  a mass  of  fluid  will 
flow  into  the  place  which  has  been  vaeated.  The  wind  acting 
upon  the  surface  of  the  sea,  piles  up,  if  we  may  so  speak, 
ridges  of  water,  leaving  small,  narrow  indentations,  into  which 
the  water  on  all  sides  attempts  to  enter.  This  disturbance, 
therefore,  is  communicated,  and  extends  over  a large  or  small  * 
space,  according  to  the  force  of  the  disturbing  cause,  and  billow 
rolls  after  billow,  inci-easing  the  uproar  of  the  wild  waters. 
This  also  accounts  for  the  fact, that  when  the  waves  have  been 
some  time  in  motion  they  do  not  immediately  sink  to  rest 
when  the  wind  ceases,  but  the  level  is  restored  by  degrees,  the 
waves  decreasing  in  height  and  becoming  shorter,  until  they 
are  reduced  to  a mere  ripple. 

It  is  well  known  to  mariners  that  there  is  a great  difference 
in  the  appearance  and  effects  of  waves  in  different  seas.  It  has 
been  frequently  stated  that  the  waves  of  the  British  seas  are 
quick  and  violent,  much  more  dreaded  by  sailors  than  the  slow, 
spreading,  heavy  waves  of  the  Bay  of  Biscay.  The  imagina- 
tion can  scarcely  fancy  a vast  mass  of  water  rolling  up  the  Bell 
Rock  lighthouse  to  the  height  of  one  hundred  feet;  yet  this  has 
been  frequently  known  ; and  Mr.  Macdonald,  who  was  there 
during  the  gales  of  October  1824,  states  that  the  waves  rose  in 
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an  unbroken  state  to  the  height  of  sixty-four  feet,  and  some  to 
the  height  of  ninety  feet ; and  being  separated  they  darted  to  the 
leeward  of  the  house,  leaving  it  at  one  end  of  an  avenue  of 
water. 

TIDES. 

The  most  constant  and  important  motion  of  the  sea  is 
that  which  periodically  results  from  the  attractive  force  of 
the  sun  and  moon.  The  tides,  as  these  oscillatory  move- 
ments are  called,  have  long  been  sujiposed  to  have  some  con- 
nexion with  the  position  of  the  moon ; for  Pythias,  Pliny, 
Ptolemy,  and  other  ancient  astronomers,  confess  their  belief  in 
this  doctrine.  Galileo,  Descartes,  Kepler,  and  others  also  refer 
to  the  same  cause,  though  their  notions  were  exceedingly  inde- 
finite. “ The  orb  of  the  attractmg  power  possessed  by  the 
moon,”  says  the  illustrious  Kepler,  “ is  extended  as  far  as  the 
earth,  and  draws  the  water  under  the  torrid  zone,  acting  upon 
places  where  it  is  vertical,  insensibly  upon  confined  seas  and 
bays,  but  sensibly  on  the  ocean,  whose  beds  are  large,  and  where 
the  waters  have  the  liberty  of  reciprocation,  that  is,  of  rising 
and  falling.”  But  it  was  left  for  Newton,  the  greatest  of  all 
philosophers,  to  determine  the  nature  of  the  lunar  attraction, 
and  the  laws  by  which  that  force  is  governed.  Great  as  the 
volume  of  water  upon  the  surface  of  the  earth  is,  it  has  a con- 
stant oscillation,  ebbing  and  flowing  alternately.  In  six  hours 
it  rises  from  its  lowest  to  its  highest  level,  and,  after  remaining 
stationary  for  a few  minutes,  descends  in  the  same  period  of 
time  to  the  level  it  had  at  low  water.  The  total  period  that 
intervenes  between  the  times  when  the  sea  at  any  place  has  the 
same  level  is  twelve  hours  and  fifty  minutes ; but  the  time  of 
high  water  is  fifty  minutes  later  every  day  than  it  was  the  day 
previous.  This  answers  to  the  motion  of  the  moon  rising  later 
on  every  day  than  on  the  preceding,  and  performing  her  revo- 
lutionin  about  thirty  days.  The  cause,  generally  speaking,  isthe 
diminution  of  the  gravity  of  the  water. 

Let  a b c dhe  the  earth,  and  e the  moon.  That  part  of  the 
earth  nearest  to  the  body  of  the  moon  must  necessarily  be  most 
influenced  by  its  attractive  force;  for  the  power  of  gravity 
increases  as  the  square  of  the  distance  decreases.  The  waters 
at  d,  that  is  the  side  of  the  earth  near  the  moon,  will  therefore 
be  more  attracted  than  the  central  parts,  a c,  and  these  more 
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than  the  opposite  side,  b.  It  must  also  be  taken  into  consi- 


the  attractive  body.  But  at  the  same  time  the  water  will  rise 
on  the  side  of  the  earth  distant  from  the  moon, — the  ocean, 
therefore,  assumes  a spheroidal  form  in  both  hemispheres,  and 
there  will  be  high  tide  at  places  situated  opposite  to  each  other. 
But  the  moon  is  not  the  only  body  that  exerts  an  attractive 
force  upon  the  ocean.  The  sun  is  also  active,  and  in  fact  all  the 
planetary  bodies,  for  every  particle  of  matter  has  an  influence 
upon  every  other  particle.  The  sun  being  greatly  superior  in 
size  to  the  moon,  it  might  be  supposed  that  it  would  have  the 
greater  effect  upon  the  waters  of  our  planet ; but  as  its  distance 
is  incomparably  greater  than  that  of  the  moon,  it  has  a much 
less  effect.  But  still  it  is  necessary  to  take  its  influence  into 
consideration ; and  as  the  subject  is  one  of  the  most  interesting 
and  important  connected  with  the  phenomena  observed  upon 
the  ocean,  it  will  be  necessary  to  examine  it  with  some  degree 
of  particularity. 

It  may  not  be  very  clear  to  a reader,  why  the  waters  should 
rise  on  that  side  of  the  earth  most  distant  from  the  moon, 
though  he  may  perfectly  understand  why  they  are  elevated  on 
the  side  near  to  her.  If  it  be  borne  in  mind,  that  the  water  is 
drawn  towards  the  body  by  the  difference  of  her  attractive 
power  at  the  surface  and  the  centre,  the  whole  matter  will 
appear  evident.  The  ocean  on  that  side  the  earth  near  to  the 
moon  is  drawn  towards  it,  because  it  is  more  attracted  than  the 
centre ; and  the  ocean  on  the  opposite  side  rises  up,  because  the 
centre  is  more  attracted  than  it,  and  the  water  acts  as  though 
it  receded  from  the  earth’s  centre,  being  less  operated  upon  by 
the  attraetive  force. 

Without  entering  with  any  minuteness  into  a consideration 
of  all  the  important  questions  connected  with  the  origin  and 
inequalities  of  tides,  there  are  two  subjects  worthy  attention  : 
the  origin  of  high  and  low,  neap  and  spring,  tides. 

The  moon  crosses  the  meridian  of  any  place  on  the  earth’s 
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surface  once  in  twenty-four  houi-s  fifty  minutes,  in  consequence 
of  the  diurnal  revolution  of  the  earth.  There  must,  therefore, 
be  a high  tide  at  every  place  once  in  twenty-four  hours  fifty 
minutes,  that  is  to  say  when  the  moon  crosses  its  meridian. 
But  the  time  of  high  tide  does  not  coincide  with  the  time  when 
the  moon  is  on  the  meridian  of  the  place,  and  the  cause  of  this 
is  evident,  for  the  water  having  received  motion,  continues  to 
rise  after  the  moon  has  passed  from  the  meridian  of  the  place ; 
and  although  the  moon’s  greatest  power  is  afterwards  exerted 
upon  other  spots,  yet  it  continues  to  attract  the  waters  at  this 
place,  though  in  a smaller  degree.  But  we  have  already  seen 
that  a high  tide  also  happens  at  that  place  most  distant  from 
the  moon,  and  therefore  there  are  two  high  tides  during  one 
revolution  ; and  it  follows  there  must  be  two  low  tides,  which 
happen  when  the  place  is  removed  ninety  degrees  from  those 
relative  aspects  which  produced  high  tide. 

In  this  explanation  we  have  not  considered  the  influence  of 
the  sun  ; but  although  this  body  is  at  so  much  greater  distance 
from  the  earth  than  the  moon  as  to  have  a much  less  effect 
upon  the  ocean,  it  cannot  be  altogether  unnoticed  in  a theory 
of  the  tides,  for  it  acts  in  the  same  manner  though  in  a less 
degree.  There  are  times  when  the  sun  and  moon  act  together 
upon  the  ocean,  and  it  is  then  that  the  water  has  its  greatest 
elevation,  and  there  are  spring  tides.  When  the  moon  acts  in 
opposition  to  the  sun,  there  are  neap  tides.  If  the  moon 
moved  in  the  plane  of  the  equator,  the  highest  tides  would 
always  be  under  the  equator,  and  in  the  polar  seas  there  would 
be  no  tide.  But  as  the  moon  moves  in  a path  inclined  several 
degrees  to  the  plane  of  the  equator,  various  parts  of  the  earth’s 
surface  must  come  successively  under  its  influence.  At  the 
time  of  new  and  full  moon,  the  two  luminaries  co-operate  in 
raising  the  waters  of  the  ocean,  and  spring  tides  are  produced  ; 
when  the  moon  is  in  her  quadratures,  the  luminaries,  more  or 
less,  oppose  each  other’s  influence,  and  neap  tides  are  the  result. 
On  account  of  the  counteracting  forces  produced  by  the  differ- 
ence in  the  motions  of  the  two  attracting  bodies,  there  must 
necessarily  be  a great  irregularity  in  the  tides ; and  to  deter- 
mine the  period  and  character  of  these,  requires  the  application 
of  a precise  analytical  reasoning.  But  it  may  be  mentioned, 
that  to  the  existence  of  this  opposition  of  forces  we  may  trace 
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the  origin  of  the  circumstance  that  the  highest  tides  are  always 
within  the  tropics,  and  the  lowest  within  the  polar  circles. 

There  are  other  irregularities  in  the  tides  besides  those  we 
have  already  mentioned,  and  we  may  especially  notice  the  dis- 
turbance and  obstruction  of  the  water  resulting  from  the  obsta- 
cles offered  by  banks  and  projecting  masses  of  land.  The  tides 
in  bays,  gulfs,  or  harbours  situated  on  the  same  shore,  may  be 
different,  though  if  there  were  no  such  disturbing  causes,  they 
would  be  equal  as  to  the  circumstances  of  time  and  height. 
Local  situation  must,  therefore,  be  considered  in  estimating  the 
height  and  time  of  high  'tide.  The  tide  of  the  German  Ocean 
requires  some  hours  to  make  its  way  up  the  narrow  channel  of 
the  Thames  to  London  Bridge.  On  some  of  the  islands  of  the 
South  Sea,  the  tide  does  not  ordinarily  rise  more  than  two  feet. 
At  Annapolis,  in  the  bay  of  Fundy,  it  has  an  elevation  of  120 
feet ; and  at  St.  Maloes,  in  Bretagne,  and  at  Bristol,  there  is  a 
difference  of  fifty  feet  between  high  and  low  water.  These 
facts  will  be  sufficient  to  prove  the  influence  of  locality  upon 
the  tides ; and  we  might  have  mentioned  the  effect  of  wind, 
increasing  or  restraining  the  rise  according  to  cii’cumstances. 

CURRENTS. 

We  must  now  advance  to  a consideration  of  the  third  kind  of 
motion  to  which  the  sea  is  subject, — that  produced  by  currents. 
These  currents  have  been  sometimes  arranged  in  classes  accord- 
ing to  the  circumstances  which  regulate  their  motion,  some 
being  constant,  some  periodical,  and  others  temporary  ; but  it 
will  not  be  necessary  that  we  should  confine  our  remarks  in 
this  general  sketch  to  the  classification  here  marked  out.  In 
relation  to  their  cause,  it  is  necessary  to  speak  much  less 
decidedly  than  on  the  origin  of  the  tides,  but  several  agents  pro- 
bably assist  in  their  production.  The  difference  of  temperature  or 
saltness  occasioning  a difference  of  specific  gravity — the  action 
of  the  air  in  violent  motion — the  periodical  melting  of  the  polar 
ice,  or  unequal  evaporation,  may  occasion  a current,  or  two  or 
more  of  these  causes  may  act  together  to  effect  the  same  result. 
1 1 is  extremely  difficult,  in  the  present  state  of  our  knowledge, 
to  assign  to  either  of  these  causes  the  positive  origin  of  a 
current ; the  state  of  our  information  on  this  subject  is  rather 
negative  than  positive ; so  that  it  is  often  possible  to  say  what 
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is  not  a cause  than  to  ascertain  the  cause  itself.  We  shall,  how- 
ever, only  attempt  to  trace  the  direction  of  one  of  the  most 
important,  constant,  and  periodical  currents  affecting  the  ocean. 

The  Florida,  or  Gulf-stream,  is  one  of  the  most  singular 
phenomena  in  hydrography.  It  is  a perpetual  current  of  water 
rising  in  the  Gulf  of  Mexico,  and  flowing  in  a curved  line  into 
the  Northern  Atlantic.  The  direction  of  this  current  is,  in  a 
great  measure,  to  be  attributed  to  the  obstacles  thrown  into  the 
way  of  the  various  and  universal  movements  to  which  the  water 
is  periodically  subject.  This  will  appear  evident,  by  tracing 
the  motion  of  the  sea  and  the  direction  it  takes.  It  is  proved, 
by  the  masses  of  ice  and  other  substances  floated  from  the  polar 
regions  towards  the  equator,  that  there  is  a general  movement 
of  the  ocean  in  that  direction  ; and  it  will  be  remembered,  that 
it  was  this  current  that  caused  the  failure  of  Captain  Parry’s 
bold  attempt  to  approach  the  North  Pole;  the  current  driving 
his  vessel  more  rapidly  towards  the  south  than  he  could  advance 
to  the  north.  It  is  quite  possible  that  the  action  already 
described  in  reference  to  the  atmosphere  may  be  going  on  in  all 
collections  of  water ; and  there  may  be  an  upper  and  an  under 
current,  a stream  of  cold  water  rushing  to  the  equator,  and 
streams  of  heated  water  towards  the  poles.  But  the  water  of 
the  arctic  regions  is  urged  to  the  tropics,  not  only  by  its  lower 
temperature,  but  also  by  its  being  less  attracted  by  the  heavenly 
bodies.  Now,  as  this  mass  of  water  advances  towards  the 
equator,  it  comes  under  the  influence  of  a greater  centrifugal 
force  ; but  being  unable  at  once  to  acquire  the  increasing  motion 
of  the  earth,  it  is  left  behind,  if  we  may  so  speak,  by  the  earth, 
which  is  turning  from  west  to  east,  and  it  has  consequently  the 
appearance  of  a general  movement  from  east  to  west.  But  this 
effect  is  aided  by  two  causes,  the  motion  of  the  wind,  and  the 
tides.  The  trade-winds  have  a general  westerly  direction ; and 
it  has  been  observed  by  all  navigators,  that  when  the  wind  acts 
for  any  considerable  time  upon  a body  of  water,  it  never  fails  to 
form  a superficial  current  moving  in  the  same  direction.  But  the 
tides  also,  where  uninfluenced  by  the  land,  have  the  same  direc- 
tion ; so  that  there  are  three  causes  acting  in  concert,  all  assisting 
to  produce  a westerly  current.  But  this  effect  is  modified  by  the 
conformation,  of  coasts,  and  by  the  obstacles  presented  by  the 
chamiels  in  which  it  flows.  By  this  general  westerly  movement 
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the  waters  of  the  Atlantic  ai-e  thrown  from  the  coasts  of  Europe 
and  Africa  towards  the  eastern  coast  of  America.  Without 
attempting  to  trace  the  course  of  the  Gulf  Stream,  or  the  geo- 
graphical formation  that  alters  its  direction,  it  may  be  stated, 
that  entering  the  Gulf  of  Mexico,  it  passes  along  the  Mexican 
coast  to  the  southern  extremity  of  Florida,  where  it  changes  its 
direction,  flowing  northward  with  great  impetuosity  through 
the  Gulf  of  Florida,  and  after  some  variations  of  course  is 
brought  to  the  southern  extremity  of  Newfoundland.  It  then 
turns  to  the  eastward,  and  successively  passes  the  Azores,  the 
Straits  of  Gibraltar,  Madeira,  and  the  Canaries,  completing  its 
course  by  a union  with  the  westerly  tropical  currents. 

There  are  many  other  permanent  currents  of  great  import- 
ance to  the  navigator,  and  those  that  are  periodical  are  not  less 
worthy  his  attention,  and  might  be  properly  referred  to  in  a 
more  practical  work  than  this  is  intended  to  be.  But  the  reader 
may  obtain  an  idea  of  the  great  impediment  or  assistance  these 
currents  are  to  the  navigator,  from  a statement  made  by  Baron 
Humboldt — that  the  Gulf  Stream,  in  the  twenty-sixth  and 
twenty-seventh  degrees  of  latitude,  moves  with  a velocity  of 
eighty  miles  in  twenty-four  hours. 

CHEMICAL  COMPOSITION  OF  SUBSTANCES. 

Having  explained  the  most  important  appearances  presented 
by  land  and  water,  we  might  now,  in  the  order  of  our  subject, 
direct  the  attention  of  the  reader  to  an  inquiry  into  the  composi- 
tion of  the  bodies  which  constitute  the  earth.  But  this  is  a 
subject  which  it  would  be  impossible  to  explain  in  the  limits  of 
a few  pages.  This  work,  however,  must  be  left  in  a state  of 
great  incompleteness,  if  some  attempt  be  not  made  to  put  the 
reader  in  possession  of  so  much  information,  at  least,  as  shall 
enable  him  to  understand  the  composition  of  bodies,  the 
elements  of  which  they  consist,  and  the  laws  which  govern 
their  union.  The  sciences  of  chemistry  and  mineralogy  are 
now  both  open  before  us ; sciences  which  during  the  last  few 
years  have  received  perhaps  greater  additions  than  all  others, 
and  embody  so  vast  a number  of  facts,  that  it  is  only  by  con- 
siderable and  long- continued  attention  to  these  interesting 
branches  of  knowledge,  that  students  can  become  perfectly 
acquainted  with  them.  But,  at  the  same  time,  it  may  be 
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remembered,  as  an  encouragement  to  the  study,  that  all  the 
economical  processes  are  regulated  by  given  laws;  and  that  there 
are  few  subjects  so  interesting  in  themselves,  or  which  lead  to 
so  many  useful  results. 

ELEMENTARY  SUBSTANCES, 

The  simplicity  of  the  means  employed  by  the  Creator  to 
accomplish  his  objects  is  peculiarly  evident  in  nature.  The 
hypotheses  of  men  are  complex  and  overloaded  with  machinery. 
The  methods  adopted  by  the  God  of  Nature  are  simple  and 
effective ; and  as  science  opens  successively  the  pages  upon 
which  the  history  of  material  existence  is  written,  we  are  sur- 
prised that  an  explanation  so  simple  should  not  have  been 
immediately  discovered.  The  laws  which  govern  matter  are 
universal,  and,  when  once  understood,  offer  a ready  explanation 
of  a great  variety  of  appearances,  though  certain  minute  differ- 
ences ma}^  be  observed,  arising  from  either  the  nature  of  the 
substance  upon  which  they  act,  or  the  circumstances  under 
which  the  forces  are  developed.  But  this  simplicity  of  design 
is  equally  evinced  in  the  constitution  of  bodies.  All  the  cir- 
cumstances of  motion  and  rest,  to  which  matter  is  subject,  can 
be  traced  to  gravitation  and  centrifugal  force ; and  its  compo- 
sition is  attributable  to  the  forces  of  cohesion  and  chemical 
affinity.  There  are  but  three  states  of  matter : solid,  liquid, 
and  gaseous ; and  chemical  composition  is  directed  by  laws 
not  difficult  of  explanation. 

Although  a superficial  examination  of  the  various  substances 
composing  terrestrial  bodies  would  lead  to  a suspicion  that  there 
must  be  an  immense  number  of  elementary  principles,  it  is 
found,  when  the  means  offered  by  chemistry  are  employed,  that 
all,  or  nearly  all,  substances  are  compounds,  and  that  their 
varieties  of  form,  character,  and  properties  are  to  be  traced  to 
the  admixture,  in  different  proportions,  of  a few  simple  princi- 
ples. According  to  the  present  state  of  chemistrj'^  there  are 
fifty-four  elementary  substances,  or,  in  other  words,  substances 
which  the  chemist  has  not  yet  been  able  to  decompose.  Many 
of  these  possess  properties  in  common,  while  others  are  per- 
fectly opposed  to  each  other  in  character  and  effect.  There  are 
some  which  readily  unite  with  others,  and  are  found  abundantly 
in  nature.  There  are  others  which  can  scarcely  be  made  to 
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enter  into  the  same  combinations,  and  are  rarely  found.  Some 
are  essentially  necessary  for  the  maintenance  of  the  present 
condition  of  material  and  animated  nature,  and  others  seem  so 
unimportant,  that  their  annihilation  would  not,  in  the  slightest 
degree,  affect  any  of  the  present  arrangements  of  nature. 
Forty-one  of  these  simple  substances  are  metals,  and  these 
constitute,  in  combiuation  with  each  other  and  with  different 
substances,  the  greater  portion  of  matter  as  exhibited  upon  the 
surface  of  the  earth. 

Before  any  idea  can  be  formed  of  the  manner  in  which  these 
principles  can  be  so  combined  as  to  produce  all  the  varieties  of 
constitution  which  characterise  land  and  water,  it  will  be  neces- 
sary to  understand  the  formation  of  the  elementary  bodies 
themselves,  and  the  laws  by  which  their  combinations  with 
each  other  are  produced.  In  the  vast  laboratory  of  the  earth 
these  principles  have  been  at  various  times  so  submitted  to  each 
other  as  to  produce  the  compounds  which  are  now  foimd  in 
large  masses,  constituting  rocks,  and  in  smaller  portions  as 
mineral  specimens.  But  all  these  compounds  have  been  formed 
in  obedience  to  the  same  general  laws  as  now  influence  the 
union  of  particles  and  masses ; and  it  is  upon  our  knowledge  of 
these  laws  that  we  must  depend  for  an  explanation  of  the 
many  difficulties  that  are  felt  in  accounting  for  the  present 
state  of  all  mineral  substances. 

COHESION 

It  was  long  supposed  that  matter  might  be  divided  without 
end,  and  in  one  sense  this  is  true  ; but  on  the  other  hand  there 
can  be  no  doubt  that  it  consists  of  ultimate  particles  or  mole- 
cules which  are  incapable  of  division  or  change.  A knowledge 
of  this  fact  is  not  obtained  by  the  actual  observation  of  the  par- 
ticles themselves,  but  is  deduced  from  the  circumstances  under 
which  the  elementary  principles  and  their  compounds  unite 
together.  It  is  not  necessary  that  the  idea  of  size  should  be 
connected  with  our  conception  of  ultimate  particles ; but  from 
our  knowledge  of  the  great  divisibility  of  matter  it  is  certain 
that  they  are  inconceivably  minute,  and  are  far  beyond  the 
limits  of  our  senses.  Whether  we  examine  mineral,  vegetable, 
or  animal  substances,  we  may  find  evidence  of  this  fact.  Ani- 
malculeshave  been  discovered, by  the  aid  of  strong  magnifying 
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glasses,  so  small  that  a million  of  them  would  not  have  a mag- 
nitude equal  to  a grain  of  sand ; and  no  discovery  is  more  calcu- 
lated to  convince  us  of  the  great  divisibility  of  matter,  for  those 
creatures  possess  all  the  organs  and  members  calculated  to 
assist  them  in  locomotion  and  in  the  supply  of  their  wants, 
which  are  as  real  as  those  of  larger  animals.  But  although  they 
are  minute,  that  on  which  they  subsist  must  be  smaller  ; and 
it  is  possible  that  they  prey  on  animated  beings  lower  in  the 
scale  of  existence  than  themselves.  In  this  way  we  may  trace 
matter  into  forms  of  such  minuteness  as  to  elude  conception  as 
well  as  sight. 

But  although  matter  exists  in  this  extremely  minute  form, 
and  is  still  divisible,  there  is  a limit  beyond  which  it  cannot  be 
divided.  There  are  ultimate  particles  of  matter.  Every  substance 
consists  of  a number  of  ultimate  particles,  which  are  united  toge- 
ther by  some  force,  and  that  force  is  called  cohesion.  If  there  were 
not  some  power  by  which  the  molecules  could  be  bound  together, 
all  matter  must  exist  in  loose  unconnected  parts,  and  none  of 
the  states  of  matter  now  observed  could  ever  have  been  brought 
into  being.  But  this  cohesive  force  is  not  equally  powerful  in 
all  circumstances ; and  it  is  for  this  reason  that  matter  may 
exist  as  a solid,  a liquid,  or  a gas.  It  is  strongest  in  solids, 
though  the  particles  of  all  solids  are  not  combined  by  forces  of 
the  same  intensity.  There  are  substances,  the  molecules  of 
which  appear  to  have  a large  sphere  of  attraction,  and  hence 
they  possess  the  property  of  elasticity.  Indian  rubber,  as  a 
familiar  example,  may  be  drawn  out  to  a great  length,  which 
must  cause  a separation  of  the  particles  to  a greater  distance 
than  they  ordinarily  assume ; but  as  soon  as  the  force  which 
separates  them  ceases  to  act  they  are  again  drawn  to  each 
other,  and  appear  to  assume  their  original  position.  The  same 
force  may  be  applied  to  the  metals,  but  extension  cannot  be 
produced  ; and  if  the  power  be  increa.sed,  until  it  overcomes 
the  cohesion,  fracture  is  the  result,  not  elasticity.  From  this 
simple  experiment,  then, we  may  learn  that  the  force  of  cohesion 
varies  in  solid  bodies;  in  some  instances  having  so  large  a sphere 
as  to  admit  of  great  expansibility,  in  others  a smaller  sphere 
iut  greater  power  ; varying  in  both  these  characters  according 
to  the  nature  of  the  ultimate  particles. 

Solidity  is  an  accidental  circumstance,  if  we  may  so  denomi- 
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nate  a state  that  is  governed  by  fixed  and  immutable  laws. 
These  laws,  however,  are  not  of  such  a nature  as  to  prevent  a 
solid  from  taking  any  other  form  ; but  we  find  on  the  contrary 
that,  under  different  conditions,  it  may  become  a liquid  or  a 
vapour.  In  the  production  of  these  changes  heat  is  the  primary 
agent.  Entering  among  the  elementary  particles  of  a substance 
it  becomes,  in  fact,  a part  of  it ; and  if  that  substance  be,  in  a 
solid  state,  a simple  body,  of  which  a doubt  may  be  entertained, 
it  is  no  longer  so  when  it  takes  the  liquid  or  vaporous  condi- 
tion, but  is  a compound  of  an  element  and  caloric.  The  parts 
of  a solid  are  supposed  to  have  a fixed  and  permanent  position, 
so  that  the  movement  of  one  particle  gives  motion  to  all ; but 
fluidity  is  characterised,  and  in  fact  produced,  by  the  unre- 
strained motion  of  the  particles  among  each  other.  The  cohe- 
sive force  must  therefore  be  stronger  in  solids  than  in  liquids. 
Gases  and  vapours  may  be  almost  supposed  to  result  from  the 
destruction  of  the  cohesive  force.  It  is,  however,  so  neutralised 
by  the  principle  of  heat,  that  the  particles  before  united  by  a 
powerful  attraction  are  now  separated  by  a not  less  energetic 
repulsion. 

Philosophers  are  undecided  as  to  the  origin  of  the  properties 
of  matter,  such  as  hardness,  tenacity,  toughness,  ductility,  and 
others;  and  in  fact  some  difficult  questions  must  be  decided 
before  any  show  of  certainty  can  be  attached  to  the  theories 
which  have  been  proposed.  There  are  four  hypotheses  that 
may  be  entertained.  We  may  suppose  the  properties  of  any 
body  to  result  from  the  varied  intensity  of  the  cohesive  force ; 
but  then  we  are  required  to  show  the  causes  calculated  to  effect 
an  alteration  in  its  intensity,  when  operating  upon  elements 
and  compounds,  and  by  what  process  it  can  make  one  substance 
more  ductile  than  another.  If  peculiarities  of  physical  cha- 
racter be  assigned  to  the  matter  itself,  it  will  be  necessary  to 
prove  that  there  is  an  essential  difference  in  character  between 
the  matter  of  one  substance  and  another,  and  that  the  proper- 
ties by  which  they  are  distinguished  are  not  attributable  to  the 
variety  of  circumstances  in  which  matter  may  be  placed.  To 
attribute  them  to  the  form  of  the  particles  is  to  invade  the 
elements  of  all  philosophical  knowledge.  The  peculiar  com- 
bination of  particles  is  sometimes  urged  as  a reason  for  the 
properties  of  matter,  and  the  explanation  is  recommended  to  us 
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l>y  many  arguments,  and  supported  by  a knowledge  of  facts. 
Viewed  alone,  it  is  an  inefficient  cause ; but  when  it  is  acknow- 
ledged that  the  agents  which  act  upon  masses  have  a similar 
influence  upon  particles,  nearly  all  difficulties  vanish.  These 
remarks  lead  us  at  once  to  consider  the  phenomenon  of  crys- 
tallisation. 

CRYSTALLISATIO.N. 

Frequent  mention  has  been  made  of  crystallisation  as  a dis- 
tinguishing property  of  rocks.  Minerals  may  be  formed  in 
inegular  shapeless  masses;  oi’  they  may,  by  the  arrangement  of 
their  particles,  take  regular  geometrical  forms.  The  effects 
which  are  observed  in  nature  may  be  produced  at  pleasure  in 
the  laboratory,  and  consequently  the  philosopher  may  estimate 
the  causes  which  produced  the  one  by  a knowledge  of  those 
which  accomplish  the  other.  When  a fluid  gradually  assumes 
the  condition  of  a solid,  the  particles  have  a free  exer- 
cise among  themselves,  undisturbed  by  the  motion  of  the 
mass.  Substances  do  not  take  forms  at  random,  sometimes 
assuming  one  kind  of  crystal  and  sometimes  another,  but 
have  shapes  peculiar  to  themselves.  Fluor  spar  crj^stallises 
in  cubes,  calcareous  spar  in  rhombohedrons,  and  other  sub- 
stances have  determined  structures ; so  that  there  appears  to  be 
a close  connexion  betwen  the  character  of  a substance  and  the 
form  of  its  crystals.  This  fact  is  of  great  value  to  the  minera- 
logist and  chemist.  External  characters  in  general  are  calcu- 
lated to  mislead,  and  can  never  be  employed  by  those  who 
have  not  been  long  in  the  habit  of  examining  mineralogical 
specimens.  Many  substances  may  have  the  same  coloni’,  bril- 
liance, degree  of  hardness,  and  other  properties ; so  that  these 
ai  e not  peculiarities,  though  i.ney  are,  in  a limited  degree,  points 
of  distinction.  But  all  these  properties  may  be  lost  by  a partial 
admixture  with  some  casual  ingredient,  or  by  the  circumstances 
under  which  the  body  possessing  them  happens  to  be  placed. 
The  same  rem^.rks  cannot  with  equal  propriety  be  applied  to 
crystallisation.  An  observer  may,  without  doubt,  state  what  a 
substance  is  not,  by  the  form  of  its  crystals,  though  he  may 
not  be  always  able  to  state  what  it  is,  as  many  substances  may 
take  the  same  form.  We  may,  however,  depend  with  much 
more  certainty  upon  crystallography,  than  upon  colour,  hard- 
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ness,  and  other  properties,  which  are  valuable  secondary  guides 
under  the  direction  of  the  other  more  applicable  principle. 

Without  entering  further  into  a discussion  of  this  interesting 
branch  of  science,  or  referring  to  the  discovery  made  by  Pro- 
fessor Michterlich,  that  various  substances  have  the  property  of 
assuming  the  same  crystalline  form,  and  may  be  substituted  for 
each  other  in  combination,  without  affecting  the  external  cha- 
racter of  the  compound,  we  shall  at  once  proceed  to  mention  the 
difficulties  which  attend  the  explanation  of  this  phenomenon. 
Many  opinions  have  been,  and  are,  entertained  as  to  the  cause 
of  crystallisation.  It  was  once  a favourite  theory  that  the 
ultimate  particles  of  all  matter  have  a spherical  form,  and  that 
the  structure  of  a crystal  might  be  attributed  to  their  arrange- 
ment and  number,  altogether  independent  of  their  nature. 
Professor  Michterlich  is  of  opinion,  that  isomorphous  elements, 
that  is  elements  having  the  same  form,  produce  crystals  which 
are  similar.  Dr.  Prout  maintains  that  the  molecules  of  bodies 
are  spheroidal,  and  are  influenced  by  two  kinds  of  polarising 
forces,  one  acting  in  the  direction  of  the  axis,  and  the  other  in 
that  of  the  equator.  As  the  electric  and  magnetic  forces  have 
this  relation  to  each  other,  he  supposes  them  to  be  analogous 
to,  if  not  identically  the  same  as,  the  crystallising  forces.  This 
theory  may  be  supported  by  sound  and  legitimate  arguments. 

CHEMICAL  ATTRACTION. 

If  the  particles  of  matter  were  acted  upon  by  no  other  force 
than  that  of  cohesion,  all  substances  would  be  equally  ready  to 
combine  with  each  other.  But  it  is  universally  known  that 
there  are  some  substances,  such  as  oil  and  water,  which  cannot 
be  mixed  together.  It  is,  then,  to  be  determined  why  some 
compounds  readily  unite,  and  others  refuse  to  combine.  There 
is  a force,  called  affinity  or  chemical  attraction,  altogether 
distinct  from  that  of  cohesion,  and  to  this  may  be  attributed 
the  affinity  which  exists  between  certain  elementary  prin- 
ciples. A knowledge  of  the  circumstances  under  which 
this  force  acts  is  essential  to  the  chemist ; for  by  it  he  regu- 
lates all  his  operations ; and  it  is  not  less  necessary  to  him 
who  confines  his  attention  to  the  operations  of  nature,  for 
it  explains  all  the  varied  forms  he  observes  in  mineral  sub- 
stances. 
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Affinity  is  a force  which  acts  upon  ultimate  particles,  causing 
different  elements  to  unite  and  produce  substances  having  pro- 
perties more  or  less  unlike  those  which  distinguished  the  origi- 
nal principles.  From  this  definition  it  might  be  imagined  that 
the  sphere  of  attraction  is  small,  and  in  fact  it  only  acts  when 
the  particles  are  in  apparent  contact,  every  cause  that  separates 
them  having  consequently  a tendency  to  prevent  the  operation 
of  chemical  attraction. 

Cohesion  is  a force  which  opposes  and  restricts  the  operation 
of  affinity,  and  this  it  does  by  preventing  the  particles  from 
having  a contact  with  each  other.  Bodies  seldom  act  chemi- 
cally upon  each  other  in  a solid  state,  for  their  particles  cannot 
be  brought  sufficiently  near  for  the  operation  of  their  mutual 
power  of  attraction-  But  reduce  them  to  a liquid  form,  that 
is  to  say,  destroy  the  cohesion,  and  the  affinity  begins  to  act. 
Affinity  will  frequently  operate  when  a liquid  and  a solid  are 
brought  into  contact;  but  to  ensure  the  action  the  cohesion 
should  be  decreased  as  much  as  possible.  When  both  sub- 
stances are  liquefied  this  is  accomplished  ; for  however  slight 
the  chemical  attraction  may  be  between  two  particles,  it  will 
be  sufficient  to  produce  the  combination ; from  which  it  might 
be  supposed  that  the  cohesion  of  particles  is  entirely  destroyed 
when  they  are  liquefied.  Mechanical  division  and  increase  of 
temperature  assist  in  producing  a state  more  suited  for  combi- 
nation ; but  cohesion  exists  still,  and  all  these  processes  can  do 
is  to  diminish  the  energy  of  that  force,  and  present  a larger 
surface  for  the  activity  of  chemical  attraction. 

From  these  statements  it  might  be  supposed  that  elastk- 
fluids  would  readily  unite  when  placed  in  communication  with 
each  other,  the  cohesion  being  in  this  instance  entirely  de- 
stroyed ; but,  on  the  contrary,  there  are  few  gases  which  do  so 
combine,  and  this  may  be  attributed  to  the  great  repulsive  power 
which  surrounds  the  particles  of  matter  in  this  state  preventing 
them  from  coming  within  the  sphere  of  chemical  attraction. 
Elasticity  may,  however,  and  frequently  does,  act  as  a decom- 
posing agent,  and  nothing  is  more  common  than  the  separation 
of  two  substances  feebly  combined,  when  the  compound  is 
compelled  to  take  a gaseous  form. 

There  are  other  circumstances  which  have  a tendency  to 
prevent  the  chemical  force  from  operating  upon  the  particles 
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of  matter  ; but  supposing  these  to  be  removed  there  is  an  elec- 
tion or  choice  displayed  by  particles  of  one  kind  of  matter  for 
those  of  another,  and  when  united  together  a third  substance  is 
formed  distinct  in  character  and  properties  from  either  of  its 
constituents. 

The  most  simple  instance  of  chemical  affinity  is  w’here  two 
substances  mix  together,  as  when  sugar  dissolves  in  water. 
There  ai-e  substances  which  will  thus  unite,  and  there  are 
others  which  cannot  be  combined  : oil  will  not  combine  with 
water,  for  however  intimately  they  may  be  mixed  they  w'ill 
separate  as  soon  as  the  mechanical  force  by  which  they  W’ere 
united  ceases.  Between  these  extremes  there  may  be  a great 
variety  of  degree  in  the  power  of  combination  evinced  by 
bodies,  being  in  some  instances  extremely  active,  and  in  others 
as  weak. 

But  affinity  is  sometimes  exercised  under  a more  complex 
form.  All  kinds  of  matter  are  not  attracted  with  the  same 
force,  but  every  particle  exercises,  as  it  were,  a determined 
choice,  always  combining  with  one  kind  of  matter  in  preference 
to  another.  Thus,  for  instance,  a compound,  whatever  the  num- 
ber of  its  elements,  which  we  will  suppose  to  be  two,  is  the  result 
of  chemical  attraction ; but  the  affinity  existing  between  the 
parts  may  not  be  so  powerful  as  it  would  be  if  exercised  between 
one  of  these  and  some  third  element.  If,  then,  the  compound  be 
presented  to  this  third  substance,  the  process  of  decomposition 
and  composition  will  be  evinced  at  the  same  moment.  The 
union  of  the  two  combined  elements  will  be  destroyed,  and  one 
of  them  will  attract  the  third  principle,  producing  a substance 
different  from  that  of  which  it  was  before  a part. 

But  still  more  complicated  changes  may  be  produced.  Two 
compounds  may  be  presented  to  each  other,  of  such  a nature 
that  one  of  the  elements  of  each  may  have  a greater  affinity  for 
an  element  of  the  other  than  it  has  for  that  with  which  it  is 
fombined.  When  this  happens,  a double  decomposition  and 
recomposition  must  necessarily  be  produced.  Thus,  if  a solu- 
tion of  nitrate  of  potash  be  poured  into  a solution  of  sulphate  of 
ammonia,  this  double  decomposition  is  effected.  The  sulphuric 
acid  leaves  the  ammonia  and  joins  the  potash,  the  nitric  acid 
leaves  the  potash  and  unites  with  the  ammonia : thus  producing 
two  new  substances,  the  sulphate  of  potash,  and  the  nitrate  of 
ammonia. 
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The  laws  which  govern  the  combination  of  bodies  in  small 
masses  assist  us  in  explaining  the  composition  and  origin  of 
those  substances  which  constitute  the  superficial  covering  of 
the  earth.  The  chemist  does  but  mimic  in  his  laboratory  the 
operations  of  nature,  and  the  laws  which  govern  the  composi- 
tion and  decomposition  of  compounds  in  one  case  are  equally 
applicable  in  the  other.  In  our  examination  of  these  laws  we 
have  been  guided  by  a hope  of  explaining^with  the  more  preci- 
sion,the  causes  to  which  we  may  attribute  the  varietj*  of  forms, 
states,  and  composition,  possessed  by  matter  as  it  exists  in  na- 
ture. If  the  surface  of  the  earth  has  been  constantly  subject  to 
changes,  effected  by  the  agency  of  water  and  heat,  it  is  evident 
that  chemical  action  must  have  been  often  produced.  In  rocks 
universally  acknowledged  to  have  had  an  igneous  origin,  mi- 
nerals, which  are  but  the  products  of  the  terrestrial  laboratory, 
are  found,  and  they  give  evidence  of  the  agents  that  produced 
them.  They  are  characterised  by  the  same  peculiarities  of 
crystallisation  as  the  compounds  more  artificially  formed,  and 
their  elements  have  been  united  by  the  agency  of  the  same 
chemical  attraction.  All  natural  products  are  decomposable 
into  the  few  principles  described  in  the  previous  pages,  and 
although  the  forms  and  properties  of  their  compounds  are  vari- 
able, they  are  not  more  so  than  might  be  anticipated  from  a 
knowledge  of  the  almost  unlimited  interchange  of  combination. 

When  geological  science  was  in  its  infancy,  observers  were 
accustomed  to  examine  the  mineralogical  features  of  rocks  with 
much  more  accuracy  than  is  now  considered  necessary.  The 
external  characters  of  a rock  are  found  to  be  of  little  assistance 
in  determining  its  age,  or,  in  other  words,  its  relation  to  a series. 
This  circumstance  has  tended  to  repress  among  geologists  the 
study  of  mineralogy,  and  to  give  a new  aspect  to  their  pursuits. 
But,  to  say  nothing  of  the  necessity  of  the  study  in  the  exami- 
nation of  the  more  ancient  masses,  it  may  be  doubted  whether 
some  acquaintance  with  their  character  and  composition  is  not 
essential  to  a right  explanation  of  the  appearances  by  which 
they  are  distinguished.  There  are  many  persons  who,  from 
the  habit  of  examining  hand  specimens,  are  generally  able  to 
distinguish  not  only  rocks,  but  also  the  minerals  of  which  they 
are  composed.  But  although  this  knowledge  is  highly  impor- 
tant, it  is  not  all  that  is  necessary  ; for  to  conduct  a minera- 
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logical  examination  with  a chance  of  success,  the  chemical 
characters  and  composition  of  the  constituents  must  be  under- 
stood ; and  without  this  information  not  even  a conjecture  can 
be  formed  as  to  the  circumstances  under  which  many  of  the 
masses  were  produced. 

COMPOSITION  OF  WATER. 

Water  is  a compound  substance,  consisting  of  the  two  ele- 
ments hydrogen  and  oxygen.  Its  most  simple  state,  if  we  may 
so  call  it,  is  that  of  ice.  When  we  say  that  ice  is  the  most 
simple  state  of  this  substance,  we  mean  that  it  is  then  free  from 
the  caloric  of  composition  which  unites  with  it  when  in  a liquid 
or  vaporous  condition.  A mass  of  ice  at  32®  Fahrenheit  must 
absorb  140®  of  caloric  or  heat,  that  is  140®  inappreciable  by 
the  thermometer  and  the  sensation  of  touch,  before  it  can  be 
liquefied. 

It  may  be  proved  in  the  following  manner,  that  140°  of 
caloric  is  necessary  to  liquefy  ice.  Take  any  quantity  of  ice 
at  32®,  and  pour  upon  it  an  equal  quantity  of  water  at  172°, 
the  ice  will  be  liquefied,  but  the  water  will  still  be  at  a tempe- 
rature of  32°.  From  this  experiment  it  is  evident  that  140°  of 
heat  have  disappeared,  for  the  w’ater  has  been  reduced  to  the 
temperature  of  the  ice,  which  has  suffered  no  other  change 
than  liquefaction.  There  is  only  one  way  of  explaining  the 
result  that  is  here  observed,  and  it  is  by  allowing  that  140° 
of  heat  must  be  combined  with  the  elementary  principles  of 
water  before  their  cohesion  can  be  so  destroyed  as  to  admit  of 
their  assuming  a liquid  form. 

Water  consists  of  eight  parts  by  weight  of  oxygen  and  one 
of  hydrogen ; and  by  measure,  of  two  parts  of  hydrogen  and 
one  of  oxygen.  The  compound  nature  of  water  may  be  proved 
by  both  analysis  and  synthesis.  The  simplest  possible  means 
of  decomposition  is  to  pass  aqueous  vapour  over  red-hot  iron  in 
a tube ; but  the  most  satisfactory  is  that  effected  by  the  voltaic 
battery.  If  two  thin  wires,  connected  with  the  poles  of  a 
voltaic  battery,  be  so  placed  that  one  end  of  each  shall 
enter  a glass  vessel,  a portion  of  water  will  be  decomposed, 
and  the  gaseous  products  will  be  collected  in  tubes,  fixed 
immediately  over  the  point  of  each  wire.  The  wire  connected 
with  the  positive  pole  of  the  battery  gives  out  oxygen ; that 
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with  the  negative,  hydrogen.  For  this  experiment  we  are 
indebted  to  Messrs  Nicholson  and  Carlisle,  and  by  it  we  ascer- 
tain the  proportional  volumes  in  which  the  two  gases  unite  to 
produce  watei-.  But  w'e  need  not  satisfy  ourselves  with  tliis 
analytical  examination  ; for  if  the  products  of  the  decomposi- 
tion be  collected  in  the  same  tube,  and  inflamed,  they  vvill 
reassume  the  liquid  state  producing  water.  But  if  we  take  an 
additional  measure  of  hydrogen,  that  is,  three  of  hydrogen  and 
one  of  oxygen,  and  explode  them,  one  measure  of  that  gas  will 
remain  uncombined. 

Oxygen  and  hydrogen, mixed  in  the  proportion  to  form  water 
by  combustion,  have  been  employed  by  Mr.  Gurney  for  the 
production  of  intense  heat.  It  is  a singular  fact  that  these  gases 
thus  united  are  so  explosive,  that  it  is  unsafe  to  experiment 
with  them  except  in  very  small  quantities,  or  with  especial 
provisions  for  personal  safety.  Mr.  Gurney  invented  a safety 
apparatus,  which  he  appled  to  his  oxy-hydrogen  blow-pipe, 
— an  instrument  now  chiefly  employed  for  the  purpose  of 
exhibiting  microscopic  objects. 

Water  is  never  found  perfectly  pure.  Rain  water  and  snow 
when  melted  afford  the  purest  kind  of  water  that  can  be 
obtained  without  distillation,  although  this  is  not,  on  account 
of  the  great  solvent  powers  of  the  fluid,  quite  free  from  admix- 
ture with  other  bodies,  but  contains  carbonic  acid  and  air 
collected  from  the  atmosphere.  In  passing  through  the  strata 
of  the  earth,  it  is  liable  to  great  alterations  of  character  by  its 
combination  with  minerals,  and  although  it  does  not  always 
happen  to  such  an  extent  as  to  prevent  its  use  in  nature,  and 
by  man,  yet  it  always  gives  it  some  degree  of  impurity. 
According  to  the  nature  of  the  rocks  through  which  the  water 
percolates  will  be  the  alteration  effected  in  the  character  of 
the  water  ; and  all  mineral  springs  might  be  easily  accounted 
for,  did  we  know  the  composition  of  the  beds  through  which 
the  waters  pass. 

We  might  here  give  an  analysis  of  mineral  waters;  but 
we  shall  only  refer  to  the  composition  of  sea  water,  and  this 
we  must  do  without  entering  into  those  minute  particulars 
which  have  recently  received  so  much  of  the  attention  of 
chemists.  That  which  in  the  estimation  of  ancient  philosophers 
was  a pure  elementary  substance,  is  not  only  found  to  be  in 
itself  a compound,  but  to  contain  singular  combinations  of 
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compound  substances.  There  is  perhaps  no  substance  in 
nature  that  has  a more  complicated  composition  than  sea  water, 
and  if  we  consider  the  extent  of  the  ocean  and  the  great 
solvent  power  of  the  fluid,  we  might  expect  to  find  in  it  an 
immense  number  of  adventitious  substances;  but  of  all  these 
the  most  abundant  is  common  salt.  It  ivas  once  maintained  by 
chemists,  that  the  water  taken  from  different  parts  of  the  ocean 
did  not  materially  differ  in  composition ; but  the  experiments 
which  have  been  made  during  the  last  few  years  prove  that  it 
differs  not  only  in  relation  to  place,  but  is  also  conditionally 
dependent  on  the  depth.  Bouillon,  Lagrange,  and  Vogel, 
severally  examined  the  waters  of  the  English  Channel,  the  Bay 
of  Biscay,  and  the  Mediterranean  Sea,  and  found  them  to  con- 
tain 3.47  per  cent,  of  saline  matter.  Dr.  Murray  estimates  the 
saline  matter  of  the  waters  of  the  Frith  of  Forth  at  3.03  per  cent. 
Dr.  Fyfe  examined  the  water  collected  in  the  North  Seas  by  Mr. 
Scoresby  during  his  voyage,  and  by  Capt.  Ross  in  his  Polar 
expedition,  and  the  results  lead  to  the  general  conclusion  that  the 
waters  of  the  ocean  from  61®  52'  to  78°  35'  north  latitude  do  not 
essentially  differ  in  the  amount  of  saline  matter,  the  maximum 
being  3.91  per  cent.,  tbe  minimum  3.27.  The  experiments 
made  by  Pages,  on  the  water  collected  by  him  in  southern  lati- 
tudes, induce  the  supposition  that  the  saline  matter  is  least 
abundant  in  the  waters  of  the  northern  hemisphere.  But  the 
most  important  experiments  made  upon  sea  water,  with  the 
view  of  determining  the  amount  of  saline  matter  contained  in 
it,  were  those  performed  by  the  late  Dr.  Marcet,  from  which 
the  following  conclusions  have  been  deduced. 

1.  'Phe  proportion  of  saline  matter  contained  in  the  water  of 
the  southern  ocean  is  to  that  in  the  northern  as  1.02919  is  to 
1.02757. 

2.  There  is  no  great  difference  in  the  proportions  under  dif- 
ferent meridians ; but  the  sea  under  the  equator  appears  to  range 
between  the  two  hemispheres. 

3.  The  waters  drawn  from  a great  depth  do  not  generally 
contain  a larger  quantity  of  saline  matter  than  those  taken 
from  the  surface. 

4.  Inland  seas  are  always  much  less  salt  than  the  ocean,  and 
so  are  those  bodies  of  water  situated  near  to  large  masses  of  ice. 
Inland  seas  do  not  contain  so  large  a quantity  of  salt  as  the 
ocean,  on  account  of  the  large  volumes  of  fresh  water  brought 
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into  them  by  rivers.  But  the  waters  of  the  Mediterranean  con- 
tain a larger  proportion  of  salt  than  the  ocean,  although  the 
same  cause  might  be  supposed  to  act  in  producing  the  same 
result  in  this  as  in  other  cases.  It  has  been,  since  the  discovery 
of  this  fact,  an  object  with  philosophers  to  account  for  it;  but 
now  the  chief  difficulty  is  to  explain  the  reason  why  the  waters 
of  this  sea  do  not  gradually  become  saltev.  Although  so  larg-e 
a quantity  of  water  is  carried  into  it  by  the  numerous  rivers  of 
wliich  it  is  the  basin,  yet  its  amount  is  not  sufficient  to  com- 
pensate for  tlie  evaporation  which  is  going  on  at  its  surface,  and 
in  order  to  maintain  the  general  level,  it  is  supplied  by  a constant 
current  flowing  eastward  through  the  Straits  of  Gibraltar.  Now 
all  these  circumstances  would  apparently  tend  to  increase  the 
saltness  of  the  Mediterranean  Sea,  and  ultimately  convert  it 
into  a saturated  brine.  The  cause  which  prevents  this  is  said 
to  be  an  under-current  which  flows  out  of  the  sea  through  the 
Straits  of  Gibraltar,  and  discharges  the  constantly  accumulatina: 
saline  matters.  There  are  many  facts  which  strongly  support 
this  opinion.  Dr.  Macmichael  states,  upon  the  authority  of 
the  British  Consul  at  Valencia,  that  some  years  ago  a vessel 
was  lost  at  Ceuta,  on  the  African  coast,  and  its  wreck  was 
afterwards  thrown  up  at  Tariffa,  on  the  European  shore.  But 
tile  most  remarkable  fact  is  that  recorded  by  Dr.  Hudson,  in  the 
“ Philosophical  Transactions.”  In  I7l2,  M.  de  L’Aigle,  of  the 
Phoenix,  came  up  with  a Dutch  ship  in  the  middle  of  the  Gut, 
between  Tariffa  and  Tangier,  and  with  one  broadside  sunk  her. 
A few'  days  after  this,  the  ship  rose  again  off  the  shore  near 
Tangier,  at  least  four  leagues  to  the  west  of  the  place  where  she 
sank,  and  it  must  therefore  have  floated  in  a direction  contrary 
to  that  of  the  superficial  current. 

The  presence  of  saline  matter  in  the  ocean  is  of  considerable 
importance  in  the  general  economy  of  nature.  Among  the  most 
singular  effects  of  this  arrangement,  w’e  may  mention  that  the 
freezing  point  of  water  is  lowered,  and  the  tendency  to  evapor- 
ation diminished,  while  at  the  same  time  it  is  better  suited  to 
sustain  all  the  provisions  of  animal  life.  We  frequently  trace 
effects  to  their  causes,  without  perceiving  the  immediate  results 
intended  by  the  Creator ; but  it  is  w'ell  to  remember  that  the 
ultimate  object  being  determined  in  the  Eternal  Mind,  the 
causes  were  so  arranged  as  to  produce  effects  calculated  to  fulfil 
them. 
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The  Seasons. — Mean  Temperature. — Humboldt’s  Observations  in  South  America. 
Isothermal  Zones. — Temperature  of  the  Hemispheres. — Temperature  of  the 
Sea. — Constituents  of  Climate —Influence  of  Climate  on  Vegetables. — 
Temperature  of  the  Ancient  Eartb.^Conclusion. 

In  tracing  the  circumstances  that  give  rise  to  the  superficial 
temperature  of  the  earth,  it  is  necessary  to  keep  in  mind  the 
difference  between  that  which  results  from  celestial,  and  that 
which  depends  upon  geographical  position.  The  general  super- 
ficial temperature  is  regulated  by  the  position  of  the  earth  in 
relation  to  the  solar  system,  and  especially  to  the  sun,  and  it 
is  universally  known  that  the  most  intense  heat  is  suffered  in 
places  under  and  near  the  equator,  and  the  greatest  cold  at  or 
near  the  poles ; the  places  situated  between  these  having  a 
medium  heat  approaching  nearer  to  the  one  or  the  other  of 
the  extremes  according  to  their  geographical  position.  But  the 
causes  which  modify  the  superficial  temperature  are  so  nume- 
rous, that  it  is  not  possible  to  ascertain  the  temperature  of  any 
locality  without  positive  experiment.  Every  place,  however, 
is  distinguished  by  a certain  mean  temperature,  and  although 
seasons  may  vary,  and  there  may  appear  to  be  an  entire  change 
in  all  the  circumstances  which  have  distinguished  a country 
from  year  to  year  for  ages,  yet  the  mean  temperature  remains 
fixed  and  unchangeable. 

There  are  three  subjects  which  demand  attention  in  this  part 
of  our  work ; — the  seasons,  climate,  and  the  variations  to  which 
the  superficial  temperature  has  been  subject. 

THE  SEASONS. 

There  is  no  part  of  the  earth’s  surface  on  which  the  tempe- 
rature is  precisely  the  same  at  all  periods  of  the  year ; there  are 
every  where  recurring  variations  called  seasons.  To  under- 
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stand  the  origin  of  the  seasons,  it  must  be  remembered,  that  the 
earth  performs  a revolution  round  the  sun,  and  the  period 
which  is  occupied  in  fulfilling  that  revolution  is  called  a year. 
During  this  period,  a place  on  the  surface  of  the  earth  is  exposed 
to  an  exceedingly  variable  temperature,  which  causes  the  four 
distinct  seasons,  spring,  summer,  autumn,  winter.  In  per- 
forming this  annual  revolution  the  axis  of  the  earth  preserves 
the  same  direction  as  though  it  had  no  orbital  motion,  and  is 
earned  round, always  presenting  the  poles  to  the  same  points  of 
the  celestial  sphere.  In  attempting  to  explain  the  origin  of  the 
seasons,  we  shall  speak  of  the  orbit  of  the  earth  as  though  it 
were  circular;  for  although  it  is  really  elliptical  its  form  has 
little  to  do  with  the  production  of  the  effects  to  which  we  refer. 

Let  S represent  the  sun,  and  A B C D four  several  positions 
of  the  eaidh  in  her  orbit.  A may  be  considered  the  vernal 
equinox,  or  the  position  of  the  earth  on  the  21st  of  March  ; B 
the  summer  solstice,  or  its  position  on  the  21st  of  June  ; C the 
autumnal  equinox,  or  its  situation  on  the  21st  of  September  ; 
D the  winter  solstice,  or  its  position  on  the  21st  of  December. 
P Q represents  the  direction  of  the  axis  which  is  not  changed : 
this  is  an  imaginary  line  around  which  the  earth  revolves,  pro- 
ducing day  and  night. 


p A 


Now  it  is  evident  that  the  sun  can  diffuse  its  calorific  rays 
only  over  that  half  of  the  globe  turned  to  it ; and  the  tempera- 
ture of  any  place  will  be  in  proportion  to  the  time  during  which 
it  is  thus  exposed.  Upon  this  self-evident  principle  we  must 
found  our  explanation  of  the  seasons. 

When  the  earth  is  in  the  vernal  equinox  (A),  the  sun  is 
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vertical  to  the  intersection  of  the  equinoctial  (F  E),  and  the 
ecliptic  (H  G).  In  this  position,  therefore,  the  two  poles  will 
be  the  confines  of  the  enlightened  side,  and  the  day  and  night 
will  be  equal  all  over  the  globe,  for  half  the  northern  and  half 
the  southern  hemisphere  will  be  illummated  at  the  same 
moment.  AVhen  the  earth  is  situated  in  the  autumnal  equinox 
(C),  the  same  effect  is  produced. 

But  we  may  suppose  the  earth  to  remove  from  the  vernal 
equinox  (A)  to  the  summer  solstiee  of  the  northern  hemispheie 
(B).  In  this  position,  the  space  included  within  the  arctic 
circle,  which  is  a circle  having  the  north  pole  for  its  centre,  and 
23°  38'  as  a radius,  is  constantly  enlightened,  and  it  has  conse- 
quently a perpetual  day,  while  to  the  same  distance  round  the 
south  pole  there  must  be  constant  night.  Hence  it  follows 
that  at  every  place  north  of  the  equator  the  sun  will  be  at  this 
time  longer  above  than  below  the  horizon,  and  the  length  of 
time  will  be  in  proportion  to  the  nearness  of  the  place  to  the 
poles.  The  reverse  is  true  of  all  places  to  the  south  of  the 
equator. 

When  the  earth  comes  to  the  winter  solstice  of  the  northern 
hemisphere  (D),  the  south  pole  enjoys  the  constant  day,  and 
the  north  an  unbroken  night. 

These  are  the  facts  deduced  from  a knowledge  of  the  relative 
condition  and  motion  of  the  earth  as  a member  of  the  solar 
system;  but  it  yet  remains  to  be  proved  how  these  clianges  affect 
the  temperature  of  places,  causing  all  those  variations  called 
the  seasons.  The  temperature  of  any  place  upon  the  earth’s 
surface  is  chiefly  governed  by  its  exposure  to  the  solar  rays. 
Thelonger  the  sun  is  above  the  horizon  of  any  place,  the  greater 
must  be  the  amount  of  heat  received,  and  the  higher  must  its 
temperature  be  raised.  So  also  the  longer  it  is  beneath  the 
horizon,  the  greater  must  be  the  amount  of  heat  radiated. 
The  equilibrium  of  temperature  in  any  place  is  therefore 
supported  by  receiving  and  parting  with  the  same  amount  of 
heat  during  a year.  When  any  place  is  more  than  twelve 
hours  above  the  horizon,  the  temperature  will  increase ; when 
less,  it  will  decrease.  Now  as  the  days  lengthen  in  the  northern 
hemisphere,  when  the  earth  is  moving  from  A to  B,  the  tem- 
perature increases ; in  one  position  there  is  spring,  in  the  other 
summer.  From  B to  C the  days  approach  equality,  and  from 
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D to  C they  decrease ; so  that  when  the  earth  has  the  position 
represented  at  D,  the  northern  hemisphere  is  under  the  sharp 
government  of  hoary  winter.  From  this  description  it  will  be 
perceived  that  the  effects  produced  as  the  consequents  of  the 
annual  revolution  are  precisely  analogous  to  those  which  result 
from  the  diurnal.  If  the  temperature  of  any  place  be  taken 
every  hour  during  one  day,  no  two  of  the  twenty-four  will  be 
equal ; and  so  if  this  be  done  for  an  entire  year,  and  the  mean 
atpount  of  each  day  be  compared  with  that  of  every  other  day, 
it  is  not  to  be  expected  that  any  two  will  perfectly  agree,  but 
the  temperature  will  be  in  proportion  to  the  period  of  solar 
influence,  modified  by  local  and  other  disturbing  causes. 

MEAN  TEMPERATURE. 

These  are  the  causes  which  regulate  the  seasons,  and  their 
influence  is  felt  over  the  entire  surface  of  the  earth,  though  the 
length  of  the  seasons  and  the  difference  of  temperature  between 
them  may  greatly  vary  in  different  places.  But  this  is  not  the 
only  thing  to  be  considered  in  estimating  the  superficial  tem- 
perature of  the  earth.  The  amount  of  heat  received  by  different 
places  varies  according  to  their  positions  in  relation  to  the  equa- 
torial regions,  and  consequently  their  temperatures  cannot  be 
equal.  As  a general  law  it  may  be  stated  that  the  mean  tem- 
perature decreases  from  the  equator  to  the  poles,  and  from  the 
level  of  the  sea  upwards.  Both  these  circumstances,  however,  are 
to  be  considered  in  relation  to  a variety  of  accidental  conditions, 
which  frequently  have  a great  influence  upon  their  results. 

The  term,  mean  temperature,  so  fully  expresses  the  meaning 
usually  applied  to  it,  that  there  seems  little  necessity  for  a 
definition.  Nothing  could  be  more  rash  than  to  pretend  to 
determine  the  temperature  of  a locality  by  a single  observation 
of  the  thermometer;  and  it  would  be  still  more  absurd  to 
attempt  a comparison,  upon  such  a result,  with  that  of  any 
other  place.  If  we  would  determine  the  temperature  of  any 
day,  and  compare  it  with  that  of  some  other  day,  it  would  not 
be  sufficient  to  have  a record  of  the  thermometer  for  some  one 
period  in  each ; but  a series  of  observations  would  be  taken, 
one  every  hour,  for  instance;  and  the  sum  of  these,  divided  by 
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the  number  of  experiments,  would  give  the  mean  temperature. 
So  in  taking  the  annual  mean  temperature  of  a place,  it  will  be 
necessary  to  make  a number  of  observations,  and  the  sum  of 
these,  divided  by  the  number  of  experiments,  will  give  the 
element  required.  The  more  frequently  and  regularly  these 
observations  are  made,  the  more  accurate  would  be  the  result ; 
and  we  may  be  forgiven  the  wish,  if  it  should  appear  enthusiastic 
or  absurd,  that  the  temperature  could  be  constantly  registered 
once  in  every  hour  for  a few  years,  throughout  all  the  possessions 
of  the  British  empire,  and  the  difficulties  which  now  surround 
this  interesting  branch  of  meteorology  would  soon  disappear. 

To  a casual  observer  climate  appears  to  be  the  most  irregular 
of  all  natural  appearances,  and  to  such  a person  it  must  seem 
almost  impossible  to  reduce  the  phenomena  into  such  a shape 
as  to  bear  the  semblance  of  a law.  Those  who  have  merely 
noted  the  atmospheric  phenomena  from  day  to  day,  or  from 
month  to  month,  may  be  able  to  inform  us  how  much  hotter 
or  colder  a particular  day,  month,  or  season,  has  been  this  year 
than  it  was  at  some  one  which  is  past ; but  he  will  probably 
fall  into  the  error  of  supposing  that  the  climate  itself  has 
changed,  should  it  happen  that  the  summer  has  for  a consecu- 
tive period  been  hotter  than  usual,  or  the  winter  colder.  But 
if,  instead  of  dealing  in  these  generalities,  the  measurement  of 
the  temperature  be  taken  at  fixed  periods  throughout  the  year, 
and  the  sum  reduced  to  a mean,  little  difference  will  be  found  in 
successive  years.  The  mean  temperature  of  London  is  50,^,  and 
it  seldom  or  never  deviates  much  from  this,  even  when  there  is 
an  extreme  degree  of  heat  or  cold  at  a particular  season.  In 
1808,  the  summer  was  so  hot  that  the  thermometer  stood  in 
London  at  93^°,  but  the  mean  temperature  of  the  year  was 
50|°;  and  in  the  severe  winter  of  1813-14,  when  all  the  large 
rivers  of  England  were  frozen  over,  the  mean  temperature  of 
the  years  was  50i\°. 

[Under  the  general  term  “ change  of  temperature,”  are  com- 
prehended all  the  most  familiar  effects  of  heat  and  cold.  Thus 
a decrease  of  temperature  below  a certain  point  destroys  or- 
ganic life,  while  too  great  an  increase  destroys  both  organiza- 
tion and  life.  Philosophically  speaking,  change  of  temperature 
implies  a change  in  the  relative  intensities  of  the  attractive  and 
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repulsive  forces  of  the  particles  of  all  bodies,  both  organic  and 
inorganic.  The  tendency  of  all  bodies,  at  the  same  temperature, 
is  to  occupy  a certain  amount  of  space,  and  this  tendency  can 
only  be  accounted  for  by  supposing  that  when  they  fill  this 
space  exactly,  their  particles  are  in  equilibrium  between  at  least 
two  forces,  one  tending  to  bring  them  together,  and  the  other 
to  separate  them,  which  forces  must  vary  according  to  different 
functions  of  the  distance  between  two  particles ; so  that  there 
is  only  one  distance  at  which  these  forces  can  be  balanced. 
When  the  particles  are  nearer  than  this,  the  repulsive  prepon- 
derates, and  when  farther  apart,  the  attractive  force  is  strongest. 
Now  a change  of  temperature  implies  a change  in  the  rate  of 
variation  of  one  or  both  of  these  forces,  and  consequently  an 
alteration  of  the  distance  at  which  they  balance  each  other, 
and  therefore  an  alteration  in  the  amount  of  space  which  the 
whole  body  tends  to  occupy,  or  which  it  will  occupy,  if  not 
prevented  by  surrounding  bodies. 

It  is  necessary  in  our  investigations  to  attend  to  the  following 
rules  respecting  the  application  of  the  term  temperature: — 1. 
If  a body,  subject  to  no  pressure,  or  to  a constant  pressure, 
have  at  two  different  times  the  same  bulk,  it  is  said,  on  both 
occasions,  to  have  the  same  temperature.  2.  Two  bodies  are 
said  to  have  the  same  temperature  if,  being  kept  in  contact, 
the  temperature  of  either  remains  unaltered  by  the  action  of 
the  other.  3.  When  bodies  of  different  temperatures  are  in 
contact,  the  temperature  of  the  hotter  body  decreases,  and 
that  of  the  colder  increases  till  they  become  equal.  4.  If  the 
bodies  be  equal  in  mass  or  in  weight,  and  of  the  same  substance, 
the  increase  of  temperature  in  one  will  be  equal  to  its  decrease 
in  the  other.  Hence  it  will  be  seen  that  differences  of  tem- 
perature are  measurable  and  comparable  with  each  other, 
quite  independently  of  change  of  bulk  ; that  is,  without  using 
the  latter  as  a measure  of  temperature,  but  only  as  a test  by 
which  change  of  temperature  is  detected.] 

For  our  present  state  of  knowledge,  however,  upon  the 
general  subject  of  temperature,  we  are  chiefly  indebted  to  Baron 
Humboldt.  This  eminent  philosopher  was  led  to  investigate  the 
laws  of  surface  temperature,  in  consequence  of  the  phenomena 
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he  observed  during  his  residence  on  the  elevated  plains  of  South 
America.  “ Having  inhabited,”  he  says,  “ for  a long  time  the 
most  elevated  plains  of  the  new  continent,  I availed  myself  of 
the  advantages  which  they  present  for  examining  the  tempera- 
ture of  the  superincumbent  strata  of  air,  not  from  insulated 
data,  the  results  of  a few  excursions  to  the  crater  of  a volcano, 
but  from  the  collection  of  a great  number  of  observations  made 
day  after  day,  and  month  after  month  in  inhabited  districts. 
In  Europe,  and  in  all  the  old  world,  the  highest  points  of  which 
the  mean  temperatures  have  been  determined  are  the  convent 
of  Peissenberg,  in  Bavaria,  and  the  hospice  in  St.  Gothard. 
The  first  of  these  is  placed  at  3264,  and  the  second  at  6808  feet 
above  the  level  of  the  sea.  In  America  a great  number  of  good 
observations  have  been  made  at  Santa  Fe  de  Bogota  and  at 
Quito,  at  altitudes  of  8727  and  9544  feet.  The  town  of  Huan- 
cavelica,  containing  10,000  inhabitants,  and  possessing  all  the 
resources  of  modern  civilization,  is  situated  in  the  Cordilleras  of 
the  southern  hemisphere,  at  12,310  feet  of  absolute  elevation; 
and  the  mine  of  Santa  Barbara,  encircled  with  fine  edifices,  and 
placed  a league  to  the  south  of  Huancavelica,  is  a place  fit  for 
making  regular  observations  at  the  heightof  14,509  feet,  which 
is  double  that  of  the  hospice  of  St.  Gothard.” 

The  surface  of  the  earth  was  once  considered  in  relation  to 
its  temperature,  as  though  divided  into  five  portions  or  zones, 
— one  torrid,  two  frigid,  and  two  temperate : but  these  are  now 
never  referred  to  in  scientific  inquiries,  being  superseded  by  a more 
precise  arrangement.  Places  having  the  same  mean  tempera- 
ture have  been  connected  by  lines  which  are  called  isothermal, 
and  by  this  arrangement  all  the  places  on  the  globe  having  the 
same  annual  mean  temperature  are  classed  together.  These 
lines  are  not  parallel  with  the  equator,  and  their  direction  is  by 
no  means  regular.  The  space  included  between  two  isothermal 
lines  is  called  an  isothermal  zone ; but  it  must  not  be  supposed 
that  two  places  situated  upon  the  same  line,  that  is,  having  the 
same  mean  temperature,  musfhave  necessarily  the  same  degree 
of  heat  or  cold ; there  may  be  a great  difference  in  the  intensity 
and  also  in  the  duration  of  seasons.  Pekin,  for  instance,  has  the 
same  mean  temperature  as  Brittany ; but  its  summers  are  much 
hotter  and  its  winters  much  colder. 
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Humboldt  has  divided  the  northern  hemisphere  into  the  six 
following  zones : 

1.  The  zone  of  mean  temperature  including  all  places  between  32°  and  41° 


2.  .........  . between  4l°  and  50° 

3.  . between  50°  and  59° 

4.  . between  59°  and  68° 

6.  , between  68°  and  77° 

6 from  77°  upwards. 


It  has  been  long  supposed  thit  the  temperature  of  the 
southern  hemisphere  is  not  equal  to  that  of  the  northern. 
Buffon  controverted  the  opinion,  but  (Epinus  defended  it,  and 
every  observation  that  has  been  made  tends  to  prove  its  accu- 
racy. The  small  quantity  of  land  in  the  southern  hemisphere 
causes  a much  greater  equalization  of  the  seasons  than  in  the 
northern,  while  at  the  same  time  it  produces  a decrease  of 
annual  mean  temperature.  “ The  discoveries  of  Cook,”  says 
Humboldt,  “made  known  the  vast  extent  of  ice  round  the 
south  pole ; but  the  inequalities  in  the  temperature  of  the  two 
hemispheres  were  then  exaggerated.  Le  Gentil,  and  particu- 
larly Kirwan,  have  the  merit  of  having  first  demonstrated  that 
the  influence  of  the  circumpolar  ice  extends  much  less  into  the* 
temperate  zone  than  was  generally  admitted.  The  less  distance 
of  the  sun  from  the  winter  solstice,  and  his  long  continuance  in 
the  northern  signs,  act  in  an  opposite  manner  on  the  heat  in  the 
two  hemispheres ; and  as  the  quantity  of  light  which  a planet 
receives  from  the  sun  increases  in  proportion  to  the  true 
anomaly,  the  inequality  in  the  temperature  of  the  two  hemi- 
spheres is  not  the  effect  of  unequal  radiation.  The  southerr^ 
hemisphere  receives  the  same  quantity  of  light;  but  the  accu- 
mulation of  heat  in  it  is  less  on  account  of  the  emission  of  the 
radiant  heat  which  takes  place  during  a long  winter.  The 
hemisphere  being  also  in  a great  measure  covered  with  water, 
the  pyramidal  extremities  of  the  continents  have  there  an  in-e- 
gular  climate.  Summers  of  very  low  temperature  are  succeeded, 
as  far  as  50°  of  south  latitude,  by  winters  far  from  rigorous 
The  vegetable  forms  also  of  the  torrid  zone,  the  arborescent 
ferns,  and  the  orchideous  parasites,  advance  towards  38°  and  42° 
of  south  latitude.  The  small  quantity  of  land  in  the  southern 
hemisphere  contributes  not  only  to  equalize  the  seasons,  but 
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also  to  diminish  absolutely  the  annual  temperature  of  that  part 
of  the  globe.  The  cause  is,  I think,  much  more  active  than 
that  of  the  small  eccentricity  of  the  earth’s  orbit.  The  conti- 
nents during  summer  radiate  more  heat  than  the  seas,  and  the 
ascending  current  which  carries  the  air  of  the  equinoctial  and 
temperate  zones  towards  the  circumpolar  regions,  acts  less  in 
the  southern  than  in  the  northern  hemisphere.  That  cap  of 
ice  which  surrounds  the  poll  to  the  71“^  and  68^^  of  south  latitude, 
advances  more  towards  the  equator  whenever  it  meets  a free  sea; 
that  is,  whenever  the  pyramidal  extremities  of  the  great  conti- 
nents are  not  opposite  to  it.  There  is  reason  to  believe,  that 
this  want  of  dry  land  would  produce  an  effect  still  more  sensible, 
if  the  division  of  the  continents  was  as  unequal  in  the  equinoc- 
tial as  in  the  temperate  zones.” 

TEMPERATURE  OF  THE  SEA. 

Upon  this  subject  we  must  also  refer  to  Humboldt,  the  almost 
only  authority  we  have  upon  the  question  of  surface  tempera- 
ture. “ The  sea,”  he  says,  “ radiates  less  absolute  heat  than 
continents ; the  air  resting  upon  it  is  cooled  by  the  process  of 
evaporation,  and  the  surface  is  heated  or  cooled  by  the  currents 
directed  from  the  equator  to  the  poles,  or  by  the  mixture  of  the 
superior  and  inferior  strata  on  the  sides  of  banks.  It  is  from 
these  causes  combined,  that,  between  the  tropics,  and  perhaps 
as  far  as  30°  of  latitude,  the  mean  temperatures  of  the  air  resting 
upon  the  sea  are  3°  6'  or  5°  4'  lower  than  that  of  the  continental 
air.  Under  high  latitudes,  and  in  climates  where  the  atmo- 
sphere is  coolest  in  winter,  much  below  the  freezing  point,  the 
isothermal  lines  rise  again  towards  the  poles,  or  become  convex 
w'hen  the  continents  pass  below  the  seas.” 

With  respect  to  the  temperature  of  the  ocean,  we  must 
distinguish  between  four  very  different  phenomena,  1st.  The 
temperature  of  the  water  at  the  surface  corresponding  to  different 
latitudes,  the  ocean  being  considered  at  rest,  and  destitute 
of  shallows  and  currents.  2nd.  The  decrease  of  heat  in  the 
super-imposed  strata  of  water.  3rd.  The  effect  of  billows  on 
the  temperature  of  the  surface  water.  4th.  The  temperature 
of  currents  which  impel  with  an  acquired  velocity  the  waters  of 
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our  zone  across  the  immoveable  waters  of  another  zone.  The 
region  of  water  having  the  highest  temperature  no  more  co- 
incides with  the  equator,  than  the  region  in  which  the  waters 
reach  their  maximum  of  saltness.  In  passing  from  one  hemi- 
sphere to  another,  we  find  the  warmest  waters  between  5'’  45' 
of  north  latitude,  and  6°  15'  of  south  latitude.  “ Perrius  found 
their  temperature  to  be  82”  3';  Quevedo,  83”  5';  Cherruca, 
83”  7'j  and  Rodman,  83”  8'.  I have  found  them  in  the  South 
Sea,  to  the  east  of  the  Galapagos  Isles,  84”  7'.  The  variations 
and  the  mean  results  do  not  extend  beyond  1”  3'.  It  is  very 
remarkable  that  in  the  parallel  of  warmest  waters,  the  temper- 
ature of  the  surface  of  the  sea  is  from  3°  6‘  to  5°  4'  higher  than 
that  of  the  superincumbent  air.  Does  this  difference  arise  from 
the  motion  of  the  cooled  particles  towards  the  bottom,  or  the 
absorption  of  light,  which  is  not  sufficiently  compensated  by  the 
free  emission  of  the  radiant  caloric  ? As  we  advance  from  the 
equator  to  the  torrid  zone,  the  influence  of  the  seasons  on  the 
temperature  of  the  surface  of  the  sea  becomes  very  sensible ; 
but  as  a great  mass  of  water  follows  very  slowly  the  changes  in 
the  temperature  of  the  air,  the  means  of  the  months  do  not 
correspond  at  the  same  epochs  in  the  ocean  and  in  the  air. 
Besides,  the  extent  of  the  variations  is  less  in  the  water  than  in 
the  atmosphere,  because  the  increase  or  decrease  in  the  heat  of 
the  sea  takes  place  in  a medium  of  variable  temperature,  so 
that  the  minimum  and  maximum  of  the  heat  which  the  water 
reaches  are  modified  by  the  atmospherical  temperature  of  the 
months  which  follow  the  coldest  of  the  warmest  months  of  the 
year.  It  is  from  an  analogous  cause,  that  in  springs  which 
have  a variable  temperature,  for  example,  near  Upsal,  the  extent 
of  the  variations  of  temperature  is  only  19”  8',  while  the  extent 
of  the  variation  in  air  from  the  month  of  January  to  August  is 
39”  6'.  In  the  parallel  of  the  Canary  Islands,  Baron  Von 
Buch  found  the  minimum  of  the  temperature  of  the  water  to  be 
86”,  and  the  maximum  74”  8'.  The  temperature  of  the  air  in 
the  warmest  of  the  coldest  months  is,  in  that  quarter,  from  64® 
4'  to  75°  2'.  In  advancing  towards  the  north,  we  find  still 
greater  differences  of  winter  temperature  between  the  surface 
of  the  sea  and  the  superincumbent  air.  The  cooled  particles  of 


376  INFLUENCE  OF  CLriWATE  ON  VEGETATION. 

water  descend  till  their  temperature  reaches  39®  2'.  The 
excess  in  the  mean  temperature  of  the  water  over  that  of  the 
air  attains  its  maximum  beyond  the  polar  circle,  where  the  sea 
does  not  wholly  freeze.” 


CLIMATE. 

Although  a number  of  places  may  have  the  same  annual 
mean  temperature,  yet  they  have  not  necessarily  the  same 
climate.  There  are  certain  primary  constituents  of  climate 
which  influence  every  part  of  the  earth’s  surface ; but  these  are 
often  so  modified  as  to  produce  effects  altogether  different  from 
those  which  might  be  anticipated.  Temperature  is  in  every 
case  the  most  important  constituent  of  climate,  and  this  results 
from  the  form  and  celestial  relations  of  the  earth,  such  as  its 
globular  figure,  the  obliquity  of  its  motion  in  an  elliptical  orbit, 
in  regard  to  the  plane  of  its  equator,  and  its  diurnal  motioil 
upon  its  axis.  All  these  have  a primary  infiuence  upon  the 
production  of  climate ; but  no  acquaintance,  however  accurate, 
with  the  circumstances  resulting  from  these,  could  ever  enable 
the  philosopher  to  calculate  the  character  of  the  climate  at  any 
place.  There  are  many  accidental  causes  which  modify  their 
results,  and  these  are  called  the  secondary  constituents  of 
climate.  Such  are,  the  position  of  the  place,  its  distance  from 
the  sea,  its  proximity  to  mountains,  its  elevation  above  the  level 
of  the  ocean,  the  nature  of  its  soil,  the  cultivation  of  the  lands 
in  its  vicinity,  and  the  direction  of  the  winds  to  which  it  is 
exposed.  These,  and  many  other  local  phenomena,  may  so 
affect  the  results  which  would  be  otherwise  produced  by  solar 
heat,  as  to  prevent  any  hope  of  ascertaining  a climate  without 
an  extended  series  of  observations. 

The  distribution  of  animals  and  vegetables  is  governed  by 
climate.  The  lines  which  mark  the  boundaries  of  temperature 
and  peculiarities  of  season  are  also  the  limits  of  species  or 
genera.  It  is  on  this  account  that  countries  contain  animals 
and  vegetables  different  from  those  which  are  found  in  neigh- 
bouring districts.  This  is  especially  marked  in  relation  to 
vegetables.  The  plants  of  the  tropics  are  rich,  luxuriant,  and 
Various;  interminable  forests  are  everywhere  presented  to  the 
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eye  of  the  traveller,  bound  closely  together  by  the  wide  and 
gigantic  arms  of  towering  shrubs.  In  the  arctic  regions,  the 
circle  of  vegetation  is  small  and  feeble;  but  the  modest  floweret 
that  raises  its  head  above  the  northern  snows,  to  blossom  on  the 
waste,  has  a constitution  equally  adapted  to  the  circumstances 
in  which  it  is  placed  as  the  full-leaved  branching  trees  and 
shrubs  of  the  equatorial  region.  But  the  great  principle  of 
adaptation  which  so  remarkably  distinguishes  all  the  works  of 
the  Creator,  may  be  traced  much  farther  than  this.  If  all 
vegetable  productions  had  been  suited  to  one  and  the  same  tem- 
perature, but  one  zone  of  the  earth’s  surface  could  have  been 
covered  with  vegetation,  and  only  that  one  would  have  been 
suited  to  maintain  animal  life,  which  is  commonly  supported 
by  productions  of  the  earth.  Every  zone,  however,  has  its  own 
vegetation,  and  this  is  invariably  suited  to  supply  the  wants  of 
those  animals  that  are  its  inhabitants. 

TEMPERATURE  OF  THE  ANCIENT  EARTH. 

If  it  be  true  that  animals  and  vegetables  are  confined  to  cer 
tain  localities  distinguished  by  temperature,  any  great  change 
of  climate  should  be  followed  by  a change  in  the  animat  and 
vegetable  products.  Now  it  is  supposed  by  geologists  that 
some  such  change  as  this  has  happened  at  several  periods  in  the 
physical  history  of  the  earth.  The  organic  remains  found  in 
the  rocks  of  northern  countries  are  supposed  to  belong  to  a 
temperature  much  higher  than  that  by  which  they  are  distin- 
guished at  the  present  moment.  Thus  in  our  own  climate  we 
find  the  remains  of  animals  analogous  to  those  which  exist  in 
tropical  climes,  and  of  plants  which  can  only  be  nurtured  in 
the  hottest  portions  of  the  earth.  Such  are  those  belonging  to 
the  coal-measures.  Now  it  has  been  deduced  from  these  facts 
that  the  climate  of  the  places  in  which  they  are  imbedded  must 
have  changed,  supposing  that  these  products  lived  on  the  spots 
where  their  remains  are  now  entombed.  There  are  some 
writers,  however,  who  object  to  this  assumption,  and  imagine 
that  they  have  been  floated  from  a distant  clime,  and  deny  that 
the  temperature  of  the  earth  has  changed.  Without  entering 
upon  this  matter  of  dispute  to  which  reference  has  been  already 
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made,  we  may  be  permitted  to  state  that  too  much  dependence 
is  sometimes  placed  upon  the  existence  of  organic  remains  in 
rocks.  It  is  generally  stated  that  the  fossils  found  in  any  bed 
give  evidence  as  to  the  nature  of  the  animals  then  existing  upon 
the  surface,  and  consequently  the  temperature  of  the  place  at 
the  time.  In  a limited  sense  it  may  be  true ; but  this  evidence 
must  be  always  received  with  caution,  for  it  may  mislead,  in 
consequence  of  the  circumstances  that  interfere  with  the  results. 
Let  us  take  one  example.  Deposits  are  now  forming  in  the 
beds  of  rivers  and  oceans ; but  can  it  be  for  a moment  supposed, 
that  when  they  are  exposed  to  the  examination  of  geologists, 
at  some  future  age,  the  fossils  will  enable  him  to  ascertain 
the  temperature  of  the  place  at  the  time  of  deposition  ? Cer- 
tainly not.  Rivers  bring  down  in  their  courses  not  only  the 
detritus  of  older  rocks,  but  also  their  fossils,  and  animal  and 
vegetable  remains  from  various  climes.  All  these  are  mingled 
together  in  the  bed  that  is  forming,  and  will  at  some  future 
time  be  its  fossils ; and  geologists  may  find  in  them  the  pro- 
ducts of  many  climes  and  many  ages.  We  do  not,  however, 
deny  the  value  of  organic  remains,  as  affording  a means  of 
ascertaining  some  facts  in  relation  to  the  past  history  of  the 
earth ; but  we  may  sometimes  misapply  their  evidence,  or  ima- 
gine them  to  give  more  information  than  they  are  calculated 
to  afford. 


CONCLUSION. 

If  the  explanation  that  has  been  given  of  the  phenomena 
which  are  observed  on  the  surface  of  the  earth  should  in  any 
degree  accomplish  the  intention  of  the  author,  it  will  induce 
the  reader  to  acquaint  himself  with  the  physical  sciences.  It 
must  not,  however,  be  supposed  that  a knowledge  of  philoso- 
phical facts  is  all  that  we  wish  to  inculcate.  Knowledge,  of 
whatever  kind  it  may  be,  is  only  valuable  as  it  adds  to  the 
enjoyment  of  life,  increases  the  happiness  of  society,  and  gives 
new  energy  to  the  intellectual  character  of  man.  There  would 
be  as  much  wisdom  in  learning  a language  for  the  sake  of  know- 
ing by  what  articulate  sounds  a community  of  men  express  to 
each  other  the  ideas  they  individually  entertain,  as  in  acquiring 
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the  sciences  for  the  purpose  of  knowing  what  has  been  ascer- 
tained. If  wisdom  consists  in  the  knowledge  of  ourselves  and 
our  Maker,  we  must  study  nature  with  the  hope  of  ascertain- 
ing some  principles  which  shall  enable  us  to  gather  fresh  con- 
ceptions of  these  important  elements  of  knowledge.  God  has, 
in  not  illegible  characters,  written  his  attributes  on  his  works, 
and  he  has,  at  the  same  time,  taught  man  his  dependence  upon 
his  power,  his  wisdom,  and  goodness.  But  at  the  same  time 
we  cannot  withhold  the  statement,  that  however  closely  we  may 
study  the  works  of  creation  we  can  never  know  what  relation 
men  bear  to  their  Creator,  or  feel  an  entire  confidence  in  the 
provisions  he  has  made  for  their  happiness,  until  we  combine 
a knowledge  of  the  ordinances  that  govern  terrestrial  beings  with 
the  infinitely  greater  moral  principles  he  has  revealed. 
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